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ABSTRACT 

A 1985 review of r e s e a r c h  f i n d i n g s  from t h e  P a c i f i c  Northwest on t h e  
environmental  requi rements  of salmonids and t h e  e f f e c t s  of t imber  
h a r v e s t  on salmonids i s  r e f e r e n c e d  t o  s o u t h e a s t  Alaska.  Taken t o g e t h e r ,  
r e s e a r c h  s t r o n g l y  ' s u g g e s t s  t h a t  t imber  h a r v e s t  i n  S o u t h e a s t  may 
i n c r e a s e  s e d i m e n t a t i o n  r a t e s  ( reducing  t h e  egg-fry s u r v i v a l  of 
salmonids)  and t h a t  changes i n  watershed tempera ture  regimes may have 
b o t h  p o s i t i v e  and n e g a t i v e  e f f e c t s  on non-rear ing and r e a r i n g  j u v e n i l e s .  
Canopy removal i n c r e a s e s  primary p r o d u c t i v i t y  and, where n u t r i e n t s  a r e  
h i g h ,  t h e  number of age-0 f r y  can i n c r e a s e .  Changes i n  s t ream f low,  
s t a b i l i t y  of s t ream h a b i t a t  s t r u c t u r e s ,  and r e c r u i t m e n t  of woody d e b r i s  
necessary  f o r  h a b i t a t  format ion  may e v e n t u a l l y  reduce rear ing-salmonid 
c a r r y i n g  c a p a c i t y  by a s  much a s  50% over  t h e  long term. The magnitude 
of t h e  e f f e c t s  v a r i e s  among s p e c i e s ,  w i t h  t i m e ,  and w i t h  t h e  s e v e r i t y  of 
t h e  p e r t u r b a t i o n s .  B u f f e r  zones a r e  s u p e r i o r  t o  o t h e r  s t r a t e g i e s  i n  
p r e s e r v i n g  s t ream p r o d u c t i v i t y ;  methods a r e  compared and d i s c u s s e d .  
Long-term s t u d i e s  should  b e  developed t o  examine tempera ture  and 
s e d i m e n t a t i o n  phenomena a s  observed i n  o t h e r  s t u d i e s  and de termine  t o  
what e x t e n t  s o u t h e a s t  Alaska s t o c k s  a r e  a f f e c t e d .  

KEYWORDS 

C l e a r c u t  logging ,  s e d i m e n t a t i o n ,  tempera ture ,  s t reamflow,  h a b i t a t ,  
pr imary p r o d u c t i o n ,  growth, w i n t e r  s u r v i v a l ,  coho salmon, Oncorhynchus 
kisutch (Walbaum), Dol ly  Varden, SaZvelinus maZma (Walbaum) , pink  



salmon, Oncorhynchus gorbusha (Walbaum), c u t t h r o a t  t r o u t ,  Salmo c l a r k i  
Richardson.  

BACKGROUND 

S i n c e  i t s  i n c e p t i o n  i n  1970, t h e  Land-Use P r o j e c t  of t h e  S p o r t  F i s h  
D i v i s i o n  h a s  i n v e s t i g a t e d  many a s p e c t s  of development and documented i t s  
impact on r e a r i n g  salmonids and t h e i r  h a b i t a t .  The p r o j e c t  h a s  
completed r e s e a r c h  on t h e  e f f e c t s  of d e b r i s  removal on j u v e n i l e  Do l ly  
Varden, h a s  p a r t i c i p a t e d  i n  f o r e s t  p l a n  development,  and h a s  been a c t i v e  
i n  p r o v i d i n g  d a t a  f o r  p r e s c r i p t i v e  g u i d e l i n e s  t o  r educe  t h e  impact of 
t imber  h a r v e s t  on stream h a b i t a t .  I n  c o o p e r a t i o n  w i t h  t h e  N a t i o n a l  
Marine F i s h e r i e s  S e r v i c e ,  Northwest and Alaska F i s h e r i e s  Cen te r  Auke Bay 
Labora to ry ,  and t h e  P a c i f i c  Northwest F o r e s t  and Range Experiment 
S t a t i o n ,  F o r e s t r y  S c i e n c e s  Labora to ry ,  t h e  p r o j e c t  i n i t i a t e d  s t u d i e s  of 
salmonid s t a n d i n g  c r o p  i n  streams c l e a r - c u t  logged i n  t h e  1960's .  These 
s t u d i e s  and t h o s e  of coworkers sugges t ed  t h a t  c l e a r - c u t  l o g g i n g  may 
e x e r t  i t s  g r e a t e s t  i n f  h e n c e  d u r i n g  t h e  w i n t e r .  Consequent ly ,  t h e  
p r o j e c t  began c o o p e r a t i v e  s t u d i e s  of t h e  e f f e c t s  of l ogg ing  on w i n t e r  
s u r v i v a l  i n  1983 and w i l l  complete  t h o s e  s t u d i e s  i n  J u l y  1986. 

I n  1985, a l i t e r a t u r e  review of p e r t i n e n t  r e s e a r c h  w a s  conducted t o  
summarize and r e f e r e n c e  f i n d i n g s  on t h e  e f f e c t s  of l o g g i n g  i n  s o u t h e a s t  
Alaska and t o  p r o v i d e  a c l e a r e r  d i r e c t i o n  f o r  c u r r e n t  and f u t u r e  
r e s e a r c h .  That  review i s  t h e  s u b j e c t  of t h e  f o l l o w i n g  r e p o r t .  

Tab le  1 l i s t s  t h e  common name, s c i e n t i f i c  name, and a b b r e v i a t i o n  of  each 
f i s h  species mentioned i n  t h i s  r e p o r t .  

RECOMMENDAT IONS 

Research 

1) Research on r e a r i n g  salmonid l i f e  h i s t o r y  i n  r e l a t i o n  t o  l o g g i n g  i s  
n e a r  complet ion.  However, i t  would be  a d v i s a b l e  t o  i n v e s t i g a t e  t h e  
w i n t e r  s u r v i v a l  p a r a m e t e r s  i n  t h e  Haines  ares,  where w i n t e r  
c o n d i t i o n s  a r e  though t  t o  be  t h e  most s e v e r e .  

2 )  S t u d i e s  shou ld  b e  developed t o  
t o  t h e  t e m p e r a t u r e  i n c r e a s e s  
o c c u r r i n g  i n  s o u t h e a s t  Alaska.  

de t e rmine  i f  
observed a t  

t h e  phenomena r e l a t e d  
C a r n a t i o n  Creek are 

3 )  S t u d i e s  shou ld  be  developed t o  examine t h e  changes i n  stream 
morphometry a f t e r  l o g g i n g  and how i t  a f f e c t s  egg-fry s u r v i v a l  and 
t h e  c a r r y i n g  c a p a c i t y  of  r e a r i n g  j u v e n i l e s .  

4 )  S t u d i e s  shou ld  b e  
r e c r u i t m e n t  r a t e  of 
streams. 

developed t o  
woody d e b r i s  

de t e rmine  t h e  l o n g e v i t y  and 
i n  d i s t u r b e d  and u n d i s t u r b e d  
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Man a geme n t 

Development of g u i d e l i n e s  f o r  s t r e a m  h a b i t a t  o r  r i p a r i a n  zone management 
w i l l  r e q u i r e  t h e  c l o s e  c o o p e r a t i o n  of t imber  r e s o u r c e  a g e n c i e s ;  
t h e r e f o r e ,  t h e y  a r e  beyond t h e  scope of t h i s  document. 

OBJECTIVES 

1) 	 To document t h e  h i s t o r y  of t h e  Land Use P r o j e c t  from 1971 
t o  1984, i t s  o b j e c t i v e s ,  f i n d i n g s ,  and recommendations. 

2 )  	 To a n a l y z e  d a t a  and p u b l i s h  t h e  r e s u l t s  c o l l e c t e d  from 
1982 t o  1984 on t h e  s u r v i v a l  of j u v e n i l e  salmonids and 
t h e i r  h a b i t a t  r equ i r emen t s  i n  logged and unlogged 
s t r e a m s .  

3 )  	 To p r e p a r e  and p r e s e n t  r e p o r t s  f o r  t h e  p u b l i c ,  f i s h e r y  
and l a n d  managers,  and t h e  s c i e n t i f i c  community. 

INTRODUCTION 

T h i s  r e p o r t  summarizes r e s u l t s  of r e s e a r c h  conducted i n  t h e  P a c i f i c  
Northwest on b i o l o g i c a l  r equ i r emen t s  and t h e  e f f e c t s  of t imber  h a r v e s t  
on t h e  v a r i o u s  l i f e  s t a g e s  of salmonids w i t h  p a r t i c u l a r  r e f e r e n c e  t o  
s o u t h e a s t  Alaska.  I ts  purpose i s  t o  ana lyze  f i n d i n g s ,  l o c a t e  r e g i o n a l  
d a t a  gaps ,  i d e n t i f y  p o t e n t i a l  problem a r e a s ,  and recommend r e s e a r c h  t o  
i n v e s t i g a t e  t h o s e  problems. A d d i t i o n a l l y ,  i t  i s  hoped t h a t  t h e  document 
w i l l  f i n d  use  by t imber  and f i s h e r y  managers a s  an a i d  t o  g u i d e l i n e  
development and by d e c i s i o n  makers and t h e  p u b l i c  i n  making more 
informed d e c i s i o n s  r e g a r d i n g  t h e  e f f e c t s  of t imber  h a r v e s t .  

Readers  w i l l  f i n d  c i t a t i o n s  th roughou t  t h i s  review of s t u d i e s  t h a t  a r e  
n o t  complete  and s t i l l  i n  t h e  a n a l y s i s  s t a g e .  The a u t h o r  c a u t i o n s  
r e a d e r s  t h a t  r e s u l t s  from t h e s e  p a p e r s  a r e  p r e l i m i n a r y  and may be  
s u b j e c t  t o  change a s  d a t a  a r e  more f u l l y  developed and s u b j e c t e d  t o  p e e r  
review.  Al so ,  many r e s u l t s  have been drawn by n e c e s s i t y  from c o n t r o l l e d  
l a b o r a t o r y  expe r imen t s  o r  from d a t a  on s p e c i e s  n o t  common i n  S o u t h e a s t .  
Consequent ly ,  r e a d e r s  shou ld  be  aware t h a t  t h e s e  f i n d i n g s  may no t  always 
app ly  i n  f u l l  t o  f i e l d  c o n d i t i o n s  where env i ronmen ta l  o r  b i o t i c  
c o n d i t i o n s  a r e  h i g h l y  v a r i a b l e .  

The f o l l o w i n g  documents were fpund t o  b e  i n v a l u a b l e  i n  f o r m u l a t i n g  t h i s  
r e p o r t  and were r e l i e d  on th roughou t  and a r e  recommended f o r  f u r t h e r  
r e a d i n g : 

Chamberlin,  T. W.  1982. Timber h a r v e s t .  I n  W.  R .  Meehan, ed.  
I n f l u e n c e  of f o r e s t  and r ange land  management on anadromous f i s h  
h a b i t a t  i n  w e s t e r n  North America. USDA F o r e s t  S e r v i c e  Gen. Tech. 
Rep. PNW-136. Pac.  NW For.  Ran. Exp. S t a . ,  P o r t l a n d ,  Oregon. 
30 PP. 
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Hartman, G .  F . ,  ed.  P roceed ings  of t h e  Carna t ion  Creek workshop; A 
t e n  y e a r  review.  Feb. 24-26, 1982. Malaspina C o l l e g e ,  Nanaimo, 
B r i t i s h  Columbia. 

Meehan, W .  R . ,  T .  R .  M e r r e l l ,  J r .  and T .  A. Hanley, e d s .  1984. 
P roceed ings  of a symposium on f i s h  and w i l d l i f e  r e l a t i o n s h i p s  i n  
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Moring, J. R .  1975. The Alsea wa te r shed  s t u d y :  E f f e c t s  of l o g g i n g  on 
t h e  a q u a t i c  r e s o u r c e s  of t h r e e  headwater s t r e a m s  of t h e  Alsea 
R i v e r ,  Oregon. P a r t s  I ,  11, 111. F i s h e r y  Research Report  
Number 9 ,  Oregon Department of F i s h  and W i l d l i f e ,  F e d e r a l  Aid i n  
F i s h  R e s t o r a t i o n ,  P r o j e c t  AFS-58, F i n a l  Report .  

Murphy, M. L .  and K V .  Koski.  1985. L inks  between h a b i t a t ,  j u v e n i l e  
s a lmon ids ,  and e f f e c t s  of l ogg ing  i n  S o u t h e a s t  Alaska.  Can. J .  
F i s h .  Aquat. S c i .  ( i n  p r e s s ) .  

R e s i e r ,  D .  W .  and T.  C. Bjornn.  1979. H a b i t a t  r equ i r emen t s  of 
anadromous salmonids.  I n  W .  R .  Meehan, ed .  I n f l u e n c e  of f o r e s t  
and r ange land  management on anadromous f i s h  h a b i t a t  i n  western 
North America. USDA F o r e s t  S e r v i c e  Gen. Tech. Rep. PNW-96. Pac.  
NW For.  Ran. Exp. S t a . ,  P o r t l a n d ,  Oregon. 54  pp. 

FINDINGS 

Streamflow 

Many workers  have demonstrated i n c r e a s e s  ‘ i n  s t r eamf low f o l l o w i n g  
c l e a r - c u t  l o g g i n g  (Rowe, 1963; Rothacher ,  1965, 1970, 1971; Berndt  and 
Swank, 1970; Meehan e t  a l . ,  1969) .  C l e a r - c u t t i n g  e l i m i n a t e s  a 
s u b s t a n t i a l  amount of v e g e t a t i o n  which would o t h e r w i s e  i n t e r c e p t  r a i n  
and snow and a l l o w  i t  t o  be  r e e v a p o r a t e d ,  and fewer t ree  r o o t s  r educe  
t h e  amount of w a t e r  t h a t  would o t h e r w i s e  be  t r a n s p i r e d .  The combined 
e f f e c t s  of t h e s e  f a c t o r s  a r e  h i g h e r  s o i l  w a t e r  c o n t e n t  (and hence 
groundwater l e v e l s )  and runof f  i n  c l e a r - c u t  a r e a s  t h a n  under  f o r e s t  
cove r  (Chamberlin,  1982) .  Expressed a s  changes i n  annua l  r u n o f f ,  
s t r eamf low h a s  been shown t o  i n c r e a s e  by 20-40% r e l a t i v e  t o  pre- logging 
v a l u e s  (Chamberlin,  1982).  

Some i n v e s t i g a t o r s  f e e l  t h a t  t h e  magnitude of peak f lows  a l s o  i n c r e a s e s  
a f t e r  l ogg ing .  G i l l e r a n  (1968) ,  Harper (1969) ,  Hsieh (1970) ,  and Har r  
e t  a l .  (1975) r e p o r t  t h a t  logging-road c o n s t r u c t i o n  had a pronounced 
i n f l u e n c e  on peak f lows  i n  t h e  Alsea wa te r shed ;  when r o a d s  exceeded 12% 
of t h e  wa te r shed  a r e a ,  peak f lows  i n c r e a s e d  s i g n i f i c a n t l y .  These f lows  
i n c r e a s e d  f u r t h e r  i n  t h e  f a l l  a f t e r  72% of t h e  wa te r shed  had been logged 
(Moring, 1975a) .  Moring (1975b) concluded t h a t  annual  f l ows  i n c r e a s e d  
s i g n i f i c a n t l y  a f t e r  c l e a r - c u t t i n g ,  and t h a t  t h e  e x c e s s  f l o w  was 
g e n e r a l l y  e x p e l l e d  from t h e  system d u r i n g  h i g h  w i n t e r  f l ows  i n  December 
and Janua ry .  
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C a t a s t r o p h i c  f lows are d i s p u t e d  by o t h e r s .  Some evidence s u g g e s t s  t h a t  
i n c r e a s e d  runoff  from e v a p o t r a n s p i r a t i o n  and i n t e r c e p t i o n  l o s s  a l o n e  
does n o t  i n c r e a s e  h igh  f lows s u f f i c i e n t l y  t o  be of concern (Megahan, 
1979 i n  Chamberlin, 1982).  Much g r e a t e r  f low i n c r e a s e s  may be caused by 
s y n c h r o n i z a t i o n  of snowmelt and rain-on-snow e v e n t s .  Though no d i r e c t  
d a t a  demonst ra te  t h a t  t h e s e  have caused d e s t r u c t i v e  peak f lows  (Harr ,  
1980) ,  t h e r e  i s  " c o n s i d e r a b l e  c i r c u m s t a n t i a l  evidence t h a t  h a r v e s t i n g  i n  
c o a s t a l  B r i t i s h  Columbia may have c o n t r i b u t e d  t o  d e t e r i o r a t i n g  a q u a t i c  
h a b i t a t s  i n  a r e g i o n  where rain-on-snow e v e n t s  a r e  common" (Chamberlin, 
1982).  The s imi la r i t i es  between B r i t i s h  Columbia and s o u t h e a s t  Alaska 
c l i m a t e s  sugges t  t h a t  i n v e s t i g a t i o n  of t h e s e  hydro logic  f a c t o r s  would be 
a f r u i t f u l  a r e a  of r e s e a r c h  i n  S o u t h e a s t .  

The e f f e c t s  on s t reamflow d i s c u s s e d  above apply  t o  r e c e n t l y  logged 
watersheds ;  t h e r e  may be long-term e f f e c t s  w i t h  c o n s i d e r a b l y  d i f f e r e n t  
c h a r a c t e r i s t i c s .  I n  r a p i d l y  growing second-growth s t a n d s  ( g r e a t e r  than  
20 y e a r s  o l d )  water requi rements  f o r  v e g e t a t i v e  growth may be g r e a t e r  
than  i n  e i t h e r  f o r e s t e d  o r  newly c l e a r - c u t  watersheds .  The r e s u l t  could 
b e  lower s o i l  w a t e r  c o n t e n t ,  l ess  runoff  t o  s t r e a m s ,  and lowered minimum 
flows (Berndt and Swank, 1970; Myren and E l l i s ,  i n  p r e s s ) .  Thus,  t h e  
most s i g n i f i c a n t  e f f e c t s  on salmonids may occur  i n  t h e  long term when 
f o r e s t s  begin  t o  r e t u r n  r a t h e r  t h a n  immediately a f t e r  logging .  

Streamflow E f f e c t s  on Adult  Salmonids: 

Migra t ion  of a d u l t s  can b e  hampered by t o o  low a s t reamflow and 
r e s u l t i n g  sha l low water .  Thompson (1972) e s t a b l i s h e d  passage  c r i t e r i a  
f o r  v a r i o u s  salmonids based on maximum depth  and v e l o c i t y  ( s e e  Reiser 
and Bjornn,  1979).  S t r e a m  d i s c h a r g e s  t h a t  w i l l  p rovide  s u i t a b l e  d e p t h s  
and v e l o c i t i e s  f o r  a d u l t  passage  can be determined f o r  t h e  c r i t e r i a  and 
t e c h n i q u e s  d e s c r i b e d  by Thompson (1972).  Baxter  (1961) r e p o r t s  t h a t  
salmon r e q u i r e  30-50% of t h e  average annual  f low f o r  a c c e s s  through 
lower and middle  r e a c h e s  of a s t r e a m  and up t o  70% i n  headwater a r e a s .  

High s t reamflow can f r e q u e n t l y  exceed t h e  swimming c a p a b i l i t y  of 
m i g r a t i n g  salmonids;  a d u l t s  seek  s h e l t e r  i n  p o o l s  o r  i n  undercut  bank 
a r e a s  and r e s u m e  m i g r a t i o n  when f lows  d e c r e a s e .  The h igh  peak f lows 
t h a t  a r e  thought  t o  occur  a f t e r  logging  could a f f e c t  t h e  m i g r a t i o n  of 
f a l l  spawning f i s h  i n  s o u t h e a s t  Alaska,  though i t  i s  g e n e r a l l y  thought  
t h a t  s p e c i e s  such a s  coho can n e g o t i a t e  most f low levels .  Drought 
c o n d i t i o n s ,  on t h e  o t h e r  hand, can s t r a n d  p ink  and chum salmon i n  p o o l s  
a s  t h e  water l e v e l  d r o p s ,  where t h e y  o f t e n  d i e  from anoxic  c o n d i t i o n s  
(Murphy, i n  p r e s s ) .  

Spawning and Incubat ion:  

Flow l e v e l s  r e g u l a t e  t h e  amount of spawning a r e a  a v a i l a b l e ;  a s  f lows 
i n c r e a s e ,  more spawning a r e a  i s  made a v a i l a b l e  t o  f i s h  but  t h e  v e l o c i t y  
e f f e c t s  make many a r e a s  u n s u i t a b l e  f o r  spawning. A t  v e r y  h i g h  f l o w s ,  
l o s s e s  outweigh t h e  g a i n s  and t h e  spawning c a p a c i t y  of t h e  s t ream 
d e c r e a s e s  ( R e i s e r  and Bjornn,  1979).  When f i s h  spawn i n  g r a v e l s  t h a t  
a r e  l a t e r  exposed by r e c e d i n g  w a t e r  l e v e l s ,  eggs can s u r v i v e  d e s s i c a t i o n  
and dewater ing  f o r  up t o  5 weeks ( R e i s e r  and White, 1983).  
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I n c u b a t i o n  and Development: 

Hartman e t  a l .  (1982) r e p o r t e d  t h a t  w i n t e r  water t empera tu re  i n c r e a s e d  
a f t e r  c l e a r - c u t t i n g  of Carna t ion  Creek,  B r i t i s h  Columbia. They 
concluded t h a t  h i g h e r  t e m p e r a t u r e s  r e s u l t e d  from changes i n  g e n e r a l  
c l i m a t i c  c o n d i t i o n s  enhanced by c l e a r - c u t t i n g ,  as t h e r e  was a s t r o n g  
c o r r e l a t i o n  between h i g h e r  a i r  t e m p e r a t u r e s  and w a t e r  t empera tu re .  (The 
i n f l u e n c e  of i n c r e a s e d  s o l a r  i n c i d e n c e  [Meehan, 19701 may be l i n k e d  t o  
t h e s e  changes . )  Higher  a i r  t e m p e r a t u r e s  a f t e r  l o g g i n g  were a l s o  found 
by Edgerton and McConnel (1976);  r a d i a t i o n  exchange i n  f o r e s t s  w i t h  
unbroken c a n o p i e s  o c c u r s  a t  t h e  crown t o p s  and t h e  dense  canopy p r e v e n t s  
p e n e t r a t i o n  by sun and wind (Ge ige r ,  1965).  For s o u t h e a s t  Alaska,  
E l l i o t t  (unpubl ished d a t a )  found t h a t  w i n t e r  water t e m p e r a t u r e s  i n  s m a l l  
c l e a r - c u t  s t r eams  were h i g h e r  t han  i n  s m a l l  f o r e s t e d  streams a l t h o u g h  
t h e  amount of muskeg d r a i n a g e  and a s p e c t  of t h e  wa te r sheds  (She r idan  and 
Bloom, 1975) may have been impor t an t  f a c t o r s  i n  r e g u l a t i n g  w i n t e r  
t empera tu res .  

Warmer w a t e r  d u r i n g  w i n t e r  a p p e a r s  t o  a c c e l e r a t e  t h e  development r a t e  of 
coho embryos (and may s i m i l a r l y  a f f e c t  p ink  and chum embryos),  s h i f t i n g  
t h e  t i m e  of emergence t o  e a r l i e r  i n  t h e  s p r i n g  (Hartman e t  a l . ,  1982)--
a t i m e  when f l o o d s  are more common. E a r l y  emergent f r y  can be  swept o u t  
t o  sea,  r e s u l t i n g  i n  r a p i d  r e d u c t i o n  i n  f r y  p o p u l a t i o n s  and p o s s i b l e  
u n d e r u t i l i z a t i o n  of stream h a b i t a t  a f t e r w a r d s  ( S c r i v e n e r  and Andersen, 
1984).  These same f a c t o r s  could cause  chum salmon f r y  t o  emerge e a r l i e r  
t h a n  normal (Hartman and Holtby,  1982) and e n t e r  e s t u a r i e s  p r i o r  t o  
s p r i n g  p l a n k t o n  blooms which form t h e i r  f i r s t  s o u r c e  of food i n  t h e  
marine environment .  E a r l y  mar ine  s u r v i v a l  may t h u s  be  a f f e c t e d .  

Lowered water t e m p e r a t u r e s  d u r i n g  w i n t e r  may a l s o  r e s u l t  from l o s s  of 
p l a n t  cover  i n  n o r t h e r n  areas,  c a u s i n g  r e d u c t i o n s  i n  t h e  r a t e  of egg 
development and l o s s e s  due t o  i c i n g  (Chamberlin,  1982).  The e f f e c t s  of 
low water t empera tu re  on egg development and s u r v i v a l  have been w e l l  
documented by Reiser and Bjornn (1979) .  P a t r i c  (1967) r e p o r t e d  t h a t  i n  
t h e  Juneau a r e a  s o i l s  f r o z e  t o  g r e a t e r  d e p t h s  and ea r l i e r  i n  t h e  f a l l  i n  
c l e a r - c u t s  ( h e a t  l o s s  i s  g r e a t e s t )  compared t o  f o r e s t e d  s o i l s .  F r e e z i n g  
r a t e  a l s o  a p p e a r s  t o  b e  r e l a t e d  t o  snow dep th .  By J a n u a r y ,  snow 
accumulat ion a t  bo th  s i tes  a p p a r e n t l y  s e r v e d  as i n s u l a t i o n  and maximum 
f r o s t  d e p t h  was about  15 i n c h e s  i n  b o t h  c l e a r - c u t  and f o r e s t e d  s o i l s .  
K i rchhof f  and Schoen (1984) r e p o r t  t h a t  snow d e p t h s  i n  f o r e s t  openings 
f a r  exceeded d e p t h s  found under  t h e  f o r e s t  canopy. I n c r e a s e d  snow d e p t h  
cou ld  be  b e n e f i c i a l  i n  c l e a r - c u t s  and p r e s e r v e  some of t h e  h e a t  s t o r e d  
d u r i n g  t h e  summer. Gard (1963) showed t h a t  stream t e m p e r a t u r e s  under  4 1  
i n c h e s  of snow ranged from 32 t o  32.5"F w h i l e  a i r  t e m p e r a t u r e  above t h e  
snow ranged from -15 t o  48°F. During t h e  c o l d e s t  p e r i o d ,  he  found t h a t  
stream water 19 i n c h e s  under  t h e  snow was 44°F warmer t h a n  t h e  a i r  
above. 

When snow cove r  i s  a b s e n t ,  low a i r  and water t e m p e r a t u r e  can c a u s e  
m o r t a l i t y  of i n c u b a t i n g  eggs  and f r y  by t h e  fo rma t ion  of f r a z i l  o r  
anchor  i ce  which r educes  g r a v e l  p e r m e a b i l i t y  and water  i n t e r c h a n g e .  
Anchor i c e  can f r e e z e  t o  t h e  g r a v e l  and,  upon thawing,  can remove l a r g e  
b l o c k s  of g r a v e l ,  d e s t r o y i n g  r e d d s  i n  t h e  p r o c e s s  ( R e i s e r  and Bjornn,  
1979) .  
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I n c r e a s e d  peak f lows  cou ld  i n c r e a s e  t h e  ra te  of egg and a l e v i n  
m o r t a l i t y .  Rapid f l u c t u a t i o n s  d i s t u r b  r e d d s ,  and c r u s h  and d i s l o d g e  
eggs.  Gangmark and Broad (1956) a t t r i b u t e d  complete  m o r t a l i t y  of 
p l a n t e d  chinook eggs  t o  f l o o d s  t h a t  occu r red  d u r i n g  p l a n t i n g .  
D e l e t e r i o u s  e f f e c t s  of f l o o d s  have a l s o  been r e p o r t e d  by Neave (1953) ,  
Gangmark and Bakkala (1960) ,  and She r idan  and McNeil (1968).  S e e g r i s t  
and Gard (1972) r e p o r t e d  t h a t  w i n t e r  f l o o d s  decimated t h e  eggs of brook 
t r o u t  and,  because of  reduced c o m p e t i t i o n  from brook t r o u t  young, 
spring-spawning rainbow f r y  i n c r e a s e d  i n  t h e  y e a r s  f o l l o w i n g .  Sp r ing  
f l o o d s ,  c o n v e r s e l y ,  d e s t r o y e d  rainbow t r o u t  eggs ,  t h e r e b y  enhancing t h e  
s u r v i v a l  of brook t r o u t .  F lood- re l a t ed  changes i n  s p e c i e s  composi t ion 
endured f o r  s e v e r a l  y e a r s  a f t e r  t h e  f l o o d  e v e n t s .  

McNeil and Ahne l l  (1964) found t h e  a p p a r e n t  v e l o c i t y  of water moving 
th rough  s u b s t r a t e  m a t e r i a l s  t o  be  one of t h e  most c r i t i c a l  pa rame te r s  i n  
egg s u r v i v a l .  S i n c e  appa ren t  v e l o c i t y  i s  r e l a t e d  t o  t h e  head p r e s s u r e  
on t h e  water and t h e  p e r m e a b i l i t y  of t h e  g r a v e l ,  i n c r e a s e d  s t r eamf low 
(and hence water  d e p t h )  cou ld  have t h e  b e n e f i c i a l  e f f e c t  of i n c r e a s e d  
a p p a r e n t  v e l o c i t y  (Wicke t t ,  1954).  

E f f e c t s  of Streamflow on J u v e n i l e s :  

Streamflow i s  r e l a t e d  t o  t h e  amount of c o v e r  a v a i l a b l e ,  which i s  r e l a t e d  
t o  t h e  s t a n d i n g  c rop  of j u v e n i l e  salmonids ( K r a f t ,  1968; 1972; Weshe, 
1973; 1974; N icke l son  and R e i s e n b i c h l e r ,  1977; Murphy and Koski ,  i n  
p r e s s ;  H e i f e t z  e t  a l . ,  i n  p r e s s ) .  G e n e r a l l y ,  t h e  amount of h a b i t a t  and 
s t a n d i n g  c rop  i n c r e a s e s  w i t h  i n c r e a s i n g  s t r eamf low,  b u t  t h e n  b e g i n s  t o  
d e c r e a s e  (p robab ly  i n  th i rd -and  f o u r t h - o r d e r  s t r e a m s ) .  I n  v e r y  l a r g e  
s t r e a m s  t h e  r e l a t i o n s h i p  becomes n e g a t i v e ,  w i t h  f i s h  conf ined  t o  a 
narrow band along each s h o r e  o r  n e a r  midstream s t r u c t u r e s  such a s  l a r g e  
o r g a n i c  d e b r i s  (LOD) jams o r  e d d i e s  ( p e r s o n a l  o b s e r v a t i o n ) .  The 
r e l a t i o n s h i p  between s t reamflow and h a b i t a t  may be  r e s p o n s i b l e  f o r  t h e  
s t r o n g  c o r r e l a t i o n  between a d u l t  coho salmon abundance ( c a t c h )  and 
s t r eamf low observed by Smoker (1953) i n  Washington. 

Bachman (1984) r e p o r t e d  t h a t  brook t r o u t  choose f o r a g i n g  s i tes  based on 
t h e i r  s i z e  and t h e  w a t e r  v e l o c i t y .  R i m m e r  and Paim (1984)  showed 
s i m i l a r  r e l a t i o n s h i p s  f o r  A t l a n t i c  salmon j u v e n i l e s ;  l a r g e r  f i s h  
s e l e c t e d  h i g h e r - v e l o c i t y  h a b i t a t  t h a n  d i d  age-0 f r y .  

I n c r e a s e s  i n  f low a f t e r  c l e a r - c u t t i n g  may l i m i t  t h e  amount of u s a b l e  
h a b i t a t  f o r  j u v e n i l e s ,  and i n c r e a s e d  water d e p t h  may n o t  n e c e s s a r i l y  
make o t h e r  h a b i t a t  a v a i l a b l e ;  h a b i t a t  l o c a t e d  i n  of f -channel  areas i s  
u s u a l l y  of  p o o r e r  q u a l i t y  ( p e r s o n a l  o b s e r v a t i o n )  t h a n  LOD h a b i t a t  
accumulated and i n c o r p o r a t e d  i n t o  stream channe l s .  

The most s i g n i f i c a n t  e f f e c t s  of s t r eamf low a r e  t h e  e f f e c t s  of f r e s h e t s  
on j u v e n i l e  abundance. Hartman e t  a l .  (1982) and S c r i v e n e r  and Andersen 
(1984) showed t h a t  i f  coho f r y  emerge e a r l i e r  than  normal ,  t h e i r  numbers 
can be  r a p i d l y  reduced by s p r i n g  f l o o d s .  The same may a l s o  app ly  t o  
p i n k  and chum salmon f r y .  F a l l  f r e s h e t s  can r educe  p resmol t  p o p u l a t i o n s  
and when cove r  i s  l o s t  d u r i n g  t imber  h a r v e s t  ( T s c h a p l i n s k i  and Hartman, 
1983) o r  removed th rough  stream c l e a r a n c e  ( E l l i o t t ,  i n  p r e s s ) .  
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T a b l e  1. L i s t  of common names, s c i e n t i f i c  names, and a b b r e v i a t i o n s .  

Common Name 

A t l a n t i c  salmon 

Brook t r o u t  

Brown t r o u t  

Chinook salmon 

Chum salmon 

Coho salmon 

C u t t h r o a t  t r o u t  

D o l l y  Varden c h a r  

P i n k  salmon 

Rainbow ( S teel h e  ad )  
t r o u t  

S c i e n t i f i c  Name and Author  

Salmo sa lar  L i n n a e u s  


Salve l+h..isfont ina l i s  (Mit ch  i l l )  


Salmo t r u t t a  L i n n a e u s  


Oncorhynchus tshawytscha (Wa l b  aurn) 


Oncorhynchus ke t a  (Wa l b  aurn) 


Oncorhynchus k i s u t c h  (Walbaum) 


Salmo c l a r k i  R i c h a r d s o n  


Sa lve l inus  malma (Walbaum) 


Oncorhynchus gorbuscha (Walbaum) 


Salmo gairdner i  R i c h a r d s o n  

Abbrev. 

AS 

BT 

BR 

KS 

cs 

ss 

CT 

DV 

PS 

RB 
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Temperature 

Salmonids a r e  cold-water-adapted f i s h  t h a t  p r e f e r  a r e l a t i v e l y  narrow 
range of tempera ture .  Optimum tempera tures  vary  among t h e  s p e c i e s  and 
range from 10°C t o  13.5"C, and l e t h a l  tempera tures  range from 23°C t o  
26°C ( R e i s e r  and Bjornn,  1979). The t imber  canopy p r o v i d e s  shade d u r i n g  
t h e  summer months and i t s  removal i n c r e a s e s  t h e  summer w a t e r  tempera ture  
i n  d i r e c t  p r o p o r t i o n  t o  t h e  amount of i n c r e a s e d  s u n l i g h t  on t h e  w a t e r .  
Smal le r  streams, because of t h e i r  lower water  v e l o c i t y ,  d i s c h a r g e ,  and 
volume, h e a t  q u i c k e r  and have g r e a t e r  i n c r e a s e s  i n  w a t e r  tempera ture  
t h a n  l a r g e r  s t reams (Chamberlin, 1982).  Meehan e t  a l .  (1969) and Meehan 
(1970) showed t h a t  tempera tures  of s t r e a m s  i n  s o u t h e a s t e r n  Alaska 
i n c r e a s e d  a f t e r  logging  but  d i d  n o t  r e a c h  l e v e l s  t h a t  were l e t h a l  t o  
salmonids.  

E f f e c t s  of Temperature on Migra t ing  Adul t s :  

Adult  salmonids can s u c c e s s f u l l y  m i g r a t e  upstream i n  w a t e r  w i t h  
tempera tures  ranging  from 3°C t o  20°C ( s e e  Table  1 i n  Reiser and Bjornn, 
1979);  water w a r m e r  t h a n  t h i s  can s t o p  m i g r a t i o n .  Meehan e t  a l .  (1969) 
r e p o r t e d  t h a t  water tempera ture  i n  a logged s t ream i n  Southeas t  reached 
o r  exceeded 20°C f o r  65 h o u r s  d u r i n g  only  1 y e a r  i n  a s t u d y  l a s t i n g  14 
y e a r s .  However, Sher idan  (1962) showed t h a t  t h e  t iming  of p i n k  salmon 
r u n s  was a s s o c i a t e d  w i t h  stream tempera ture  and Hartman and Holtby 
(1982) found t h a t  w a r m e r  water may i n h i b i t  coho a d u l t s  from e n t e r i n g  
s t reams.  Changes i n  t h e  t iming  of a d u l t  m i g r a t i o n  and spawning t i m e  
could i n f l u e n c e  t h e  development t i m e  of i n c u b a t i n g  eggs and a l e v i n s .  

High s t ream tempera ture  a f t e r  logging  h a s  been c i t e d  by f i s h e r y  managers 
a s  a major f a c t o r  i n  m o r t a l i t y  of a d u l t  p ink  and chum salmon. The 
Department of F i s h  and Game  h a s  compiled a l i s t  of 43 streams t h a t  had 
p i n k  salmon m o r t a l i t i e s  a s s o c i a t e d  w i t h  e l e v a t e d  w a t e r  t e m p e r a t u r e s  and 
low f lows  i n  1977. Murphy ( i n  p r e s s )  observed m o r t a l i t y  of p ink  salmon 
a t  Porcupine Creek i n  1981. H e  found t h a t  a d u l t s  w e r e  s t r a n d e d  i n  
i n t e r t i d a l  p o o l s  when low f lows  co inc ided  w i t h  neap t i d e s .  High 
tempera tures  c o n t r i b u t e d  t o  b u t  were n o t  t h e  major cause  of m o r t a l i t y ;  
stream tempera ture  diminished oxygen i n  t h e  p o o l s  by lowering t h e  
s a t u r a t i o n  p o i n t  t o  8.8 mg/l  a t  19°C and i n c r e a s i n g  t h e  oxygen demand of 
f i s h .  S i n c e  t h e  observed tempera ture  was w i t h i n  t h e  range of t o l e r a n c e  
of salmonids,  h e  concluded t h a t  low f lows  and s u f f o c a t i o n ,  n o t  thermal  
shock,  caused t h e  m o r t a l i t y .  

Spawning: 

S u c c e s s f u l  spawning can occur  i n  water w i t h  tempera tures  ranging  from 
2 . 2  t o  20°C. A sudden drop i n  tempera ture  may cause  a l l  spawning 
a c t i v i t y  t o  cease, r e s u l t i n g  i n  lowered redd b u i l d i n g  and reduced 
product ion  ( R e i s e r  and Bjornn,  1979).  Optimum spawning tempera tures  f o r  
p i n k  and chum salmon are  7.2-12.8"C; coho salmon, 4.4-9.4"C; and 
c u t t h r o a t  t r o u t  6.1-17.2"C ( R e i s e r  and Bjornn,  1979).  I n c r e a s e d  water 
tempera ture  r e p o r t e d  by Meehan e t  a l .  (1969) a f t e r  logging  f r e q u e n t l y  
exceeded t h e  optimum f o r  p i n k  and chum salmon. 
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E f f e c t s  of  Temperature on Rearing Salmonids:  

Hartman e t  a l .  (1982) showed t h a t  water was w a r m e r  d u r i n g  w i n t e r s  a f t e r  
c l e a r - c u t t i n g ,  c a u s i n g  e a r l y  emergence of coho f r y  and ,  i n  t u r n ,  
d e c r e a s e d  d e n s i t y  of j u v e n i l e s  d u r i n g  t h e  summer. However, a f t e r  
l o g g i n g ,  t h o s e  f i s h  t h a t  escaped f l o o d i n g  enjoyed a l o n g e r  growing 
season  and were l a r g e r  by t h e  end of  t h e i r  f i r s t  y e a r .  S i n c e  an 
i n c r e a s e  i n  s i z e  tended t o  i n c r e a s e  t h e  p r o b a b i l i t y  of o v e r w i n t e r  
s u r v i v a l  (Hartman e t  a l . ,  1984), changes i n  t empera tu re  regimes can 
i n f l u e n c e  t h e  p r o d u c t i o n  of smolt  ( S c r i v e n e r  and Andersen, 1984). 
Hartman e t  a l .  (1982) summarized t h e  s i t u a t i o n  as  f o l l o w s :  

t h e  c o n d i t i o n s  of h i g h e r  stream t e m p e r a t u r e  r eg imes ,  asso-
c i a t e d  p r i m a r i l y  w i t h  c l i m a t i c  c o n d i t i o n s ,  and enhanced by 
c l e a r - c u t t i n g ,  may be advantageous t o  o v e r w i n t e r i n g  p r e -
s m o l t s .  Smolts have i n c r e a s e d  i n  number from a range of  
1,750-2,474 b e f o r e  logg ing  t o  a range of 3,511-4,619 a f t e r  
t h a t  p e r i o d .  However, t h e s e  same c o n d i t i o n s  which are  
p o s i t i v e  t o  smolt  p r o d u c t i o n  cause  e a r l y  emergence of f r y ,  
and r e s u l t  i n  e a r l y  f r e s h e t - r e l a t e d  movement of f i s h  which 
may be of n e g a t i v e  v a l u e  t o  them. An optimum b a l a n c e  
between t h e  c o n d i t i o n s  of advan tage  t o  s m o l t s  and t o  t h o s e  
of f r y  i s  of importance i n  t h e  watershed p r o c e s s e s .  

I n  s o u t h e a s t  A laska ,  Murphy and Koski ( i n  p r e s s )  and E l l i o t t  
(unpub l i shed)  have found t h a t  d e n s i t i e s  and s i z e  of j u v e n i l e  coho salmon 
and Do l ly  Varden are g r e a t e r  i n  some logged streams than  f o r e s t e d  
s t r e a m s .  Murphy and Koski ( i n  p r e s s )  showed t h a t  i n c r e a s e d  f r y  d e n s i t y  
was r e l a t e d  t o  e l e v a t e d  l e v e l s  of pr imary and secondary p r o d u c t i v i t y  
caused by i n c r e a s e d  amounts of s o l a r  r a d i a t i o n  and w a r m e r  water 
(Meehan, 1970), and l a r g e r  s i z e  may be  a t t r i b u t a b l e  t o  a l o n g e r  growing 
season .  

During long  p e r i o d s  o f  c l o u d l e s s  d a y s ,  o v e r h e a t i n g  of some streams cou ld  
o c c u r  (Sheridan and Bloom, 1975). Although t e m p e r a t u r e s  may n o t  exceed 
l e t h a l  l e v e l s ,  s u b l e t h a l  t e m p e r a t u r e s  can a f f e c t  t h e  d e n s i t y  and growth 
r a t e  of j u v e n i l e s .  Salmonids cease growth a t  20.3"C because i n c r e a s e d  
m e t a b o l i c  a c t i v i t y  consumes ene rgy  t o  d r i v e  h i g h  m e t a b o l i c  rates and 
l i t t l e  remains f o r  growth. Growth of chinook p a r r  i n c r e a s e s  as  
t e m p e r a t u r e  i n c r e a s e s  from 10 t o  15.7"C b u t  t h e n  d e c r e a s e s  w i t h  
i n c r e a s i n g  t empera tu re  (Burrows i n  Reiser and B jo rnn ,  1979). Baldwin 
(1956) r e p o r t e d  t h a t  t h e  growth ra te  of brook t r o u t  i n c r e a s e d  as  
t e m p e r a t u r e  i n c r e a s e d  from 9.1 t o  13.loC, t hen  began t o  d e c r e a s e  a f t e r  
t e m p e r a t u r e s  exceeded 17.1"C. A t  17.1"C, brook t r o u t  ceased f e e d i n g  and 
a t  21.2OC t h e y  a te  o n l y  0.85% of t h e i r  body weight  i n  p r e y  p e r  day. 

Temperature may a l s o  r e g u l a t e  t h e  d e n s i t y  of salmonids.  Hahn (1977) 
r e p o r t e d  t w i c e  as many s t e e l h e a d  f r y  i n  stream c h a n n e l s  a t  13.5"C t h a n  
i n  a channe l  a t  18.5"C and t h a t  f r y  d e n s i t y  a t  8.5"C w a s  doub le  t h a t  a t  
13.5"C. S i n c e  s t r e a m  t e m p e r a t u r e s  f r e q u e n t l y  exceed t h e s e  l e v e l s ,  more 
s o  i n  logged t h a n  f o r e s t e d  areas,  i t  can be  concluded t h a t  i n t e r f e r e n c e  
w i t h  f e e d i n g  and growth and e f f e c t s  on d e n s i t y  occur  more o f t e n  i n  
logged streams t h a n  i n  f o r e s t e d  streams. 
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Sedimentat ion 

T h i s  s e c t i o n  is  n o t  in tended  t o  be a comprehensive review of t h e  e f f e c t s  
of  sed imenta t ion  on s t ream b i o t a .  It p r o v i d e s  h i g h l i g h t s  of t h e  e f f e c t s  
of sed imenta t ion  on salmonids drawn from key papers .  Comprehensive 
reviews of t h e  e f f e c t s  of sed imenta t ion  can be found i n  Cordone and 
K e l l y  (1961), Hall  and McKay (1983), Koski and Walter  (1977), and Reiser 
and Bjornn (1979). 

Adult  Migra t ion  and Behavior:  

Adult  m i g r a t i o n  can be a f f e c t e d  by t u r b i d  w a t e r  c o n d i t i o n s .  Migra t ing  
k i n g  salmon avoided t u r b i d  w a t e r  i n  p r e f e r e n c e  f o r  t h e  c l e a r  w a t e r  of a 
r e l a t i v e l y  s m a l l  t r i b u t a r y  s t ream (Smith,  1940). B e l l  ( i n  Reiser and 
Bjornn, 1979) c i t e d  a s t u d y  i n  which salmonids would n o t  move i n  streams 
where a l a n d s l i d e  had caused sediment c o n c e n t r a t i o n s  t o  exceed 4,000 
mg/l .  Adult  t r o u t  ceased f e e d i n g  and moved c l o s e r  t o  cover  when 
t u r b i d i t y  exceeded 35 mg/l  (Bachman, 1958). 

Spawning: 

Spawning P a c i f i c  salmon p r e f e r  g r a v e l  s i z e s  from 1.3 t o  10.2 cm i n  
d i a m e t e r ,  s t e e l h e a d  and c u t t h r o a t  t r o u t  p r e f e r  0.6- t o  10.2-cm g r a v e l  
( R e i s e r  and Bjornn,  1979), and anadromous Dol ly  Varden g e n e r a l l y  s e l e c t  
0.6- t o  5.0-cm g r a v e l  ( B l a c k e t t ,  1968). Gravel  s i z e  a t  each redd s i t e  
i s  r e l a t e d  t o  t h e  body s i z e  of t h e  f i s h ;  l a r g e r  f i s h  tend t o  s e l e c t  
l a r g e r  g r a v e l .  F i s h  f r e q u e n t l y  select  t h e  t a i l s  of p o o l s  f o r  spawning. 
These a r e a s  a r e  c h a r a c t e r i z e d  by sediment-free g r a v e l  w i t h  h i g h  
p e r m e a b i l i t y  and i n t r a g r a v e l  f lows.  

Incubat  i o n  and Emergence : 

Sediment h a s  two major e f f e c t s  on i n c u b a t i n g  eggs and a l e v i n s :  1) 
r e d u c t i o n  of t h e  i n t r a g r a v e l  f low and d e l i v e r y  of oxygen, and 2)  
entombment of emergent a l e v i n s .  

F i n e  sed iments  reduce  g r a v e l  p e r m e a b i l i t y ,  t h e r e b y  lowering the  apparent  
v e l o c i t y  of w a t e r  f lowing  through t h e  g r a v e l  and reducing  b o t h  t h e  
d e l i v e r y  of  oxygen t o  t h e  eggs and t h e  removal of metabol ic  wastes. 
P e r m e a b i l i t y  i s  h i g h  (apparent  v e l o c i t y :  24,000 cm/hr) where sand and 
s i l t  (0.883 mm), make up less t h a n  5% of t h e  volume of t h e  bottom 
material ,  and r e l a t i v e l y  low (apparent  v e l o c i t y :  <1,300 cm/hr) where 
f i n e  sediment makes up more t h a n  15% of t h e  bottom material  (McNeil and 
Ahnel l ,  1964). 

Reduction i n  g r a v e l  p e r m e a b i l i t y  due t o  presence  of f i n e  sediment w i l l  
reduce both  t h e  i n t e r c h a n g e  of s u r f a c e  and i n t r a g r a v e l  water and t h e  
apparent  v e l o c i t y  of t h e  i n t r a g r a v e l  water (Gangmark and Bakkala,  1960; 
Wicket t ,  1962; Cooper, 1965). Diminished oxygen supply  t o  developing 
embryos can have t h e  f o l l o w i n g  e f f e c t s :  Sac f r y  from embryos incubated  
i n  low and i n t e r m e d i a t e  oxygen c o n c e n t r a t i o n s  were smaller and weaker 
than  s a c  f r y  r e a r e d  a t  h i g h e r  c o n c e n t r a t i o n s  and t h u s  may n o t  s u r v i v e  as 
wel l  as l a r g e r  f r y  ( S i l v e r  e t  a l . ,  1963). Reduced oxygen c o n c e n t r a t i o n  
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l e a d s  t o  smaller newly hatched f r y  and a l eng thened  i n c u b a t i o n  p e r i o d  
(Shumway e t  a l . ,  1964).  Low oxygen c o n c e n t r a t i o n  i n  t h e  e a r l y  s t a g e s  of 
development may d e l a y  h a t c h i n g ,  i n c r e a s e  t h e  i n c i d e n c e  of anomal i e s ,  o r  
b o t h .  Low oxygen l e v e l s  i n  t h e  l a t e r  s t a g e s  of  development may 
s t i m u l a t e  premature h a t c h i n g  (Alde rd ice  e t  a l . ,  1958).  

Coble (1961) found a p o s i t i v e  c o r r e l a t i o n  between s t e e l h e a d  embryo 
s u r v i v a l  and i n t r a g r a v e l  oxygen c o n t e n t .  P h i l l i p s  and Campbell (1961) 
r e p o r t e d  s i m i l a r  f i n d i n g s  f o r  coho salmon and s t e e l h e a d ;  t hey  concluded 
t h a t  i n t r a g r a v e l  oxygen c o n c e n t r a t i o n  must ave rage  8 mg/l  f o r  h i g h  
s u r v i v a l  of coho salmon and s t e e l h e a d  embryos. "General ly  , 
c o n c e n t r a t i o n s  a t  o r  n e a r  s a t u r a t i o n  w i t h  temporary r e d u c t i o n s  no lower 
than  5.0 mg/l  are  recommended f o r  anadromous salmonids"  ( R e i s e r  and 
Bjornn , 1979).  

S u b s t r a t e  Composition: 

S u c c e s s f u l  f r y  emergence i s  h inde red  by e x c e s s i v e  amounts of sand and 
s i l t  i n  t h e  g r a v e l .  Even though f r y  can h a t c h  and deve lop ,  s u r v i v a l  
w i l l  be  poor  i f  t hey  cannot  emerge. Koski (1966) found r e d d s  where eggs 
had developed normally b u t  were u n a b l e  t o  emerge because of sediment .  

P h i l l i p s  e t  a l .  (1975) found an i n v e r s e  r e l a t i o n  between t h e  q u a n t i t y  of 
f i n e  sediment and f r y  emergence, Bjornn (1969) and McCuddin (1977) 
demonstrated t h a t  s u r v i v a l  and emergence of chinook salmon and s t e e l h e a d  
embryos were reduced where sed imen t s  smaller t h a n  6 . 4  mm made up 20-25% 
o r  more of t h e  s u b s t r a t e .  Tappel  and Bjornn (1983) showed t h a t  t h e  
s u r v i v a l  of chinook and s t e e l h e a d  embryos was r e l a t e d  t o  t h e  p e r c e n t a g e  
of sediment s m a l l e r  t h a n  9.5 mm and t h e  p e r c e n t a g e  smaller t h a n  0.85 mm, 
r e s p e c t i v e l y .  Grave l  m i x t u r e s  w i t h  h i g h  p e r c e n t a g e s  of f i n e s  a l s o  
produced s l i g h t l y  smaller s t e e l h e a d  
e g r e s s a b i l i t y ;  smaller f r y  were a b l e  
sedimented g r a v e l  t h a n  l a r g e r  f r y .  

f r y ,  
t o  

p o s s i b l y  
emerge m

a 
ore 

f u n c t i o n  
e a s i l y  

of 
from 

E f f e c t s  of Sediment on Rea r ing  F i s h :  

S i g l e r  e t  a l .  (1983) showed t h a t  j u v e n i l e  s t e e l h e a d  and coho salmon grew 
s lower  i n  prolonged t u r b i d  c o n d i t i o n s  and had a g r e a t e r  r a t e  of 
e m i g r a t i o n  from t u r b i d  stream s e c t i o n s  t h a n  d i d  f i s h  h e l d  i n  c l e a r - w a t e r  
s e c t i o n s .  Noggle (1978; c i t e d  i n  S i g l e r  e t  a l . )  found t h a t  l a r g e r  coho 
d i d  n o t  e m i g r a t e ,  b u t  had a s t r o n g  tendency t o  s t a y  i n  t h e i r  i n i t i a l  
t e r r i t o r y  when exposed t o  s h o r t  p e r i o d s  of t u r b i d i t y .  La rge r  f i s h  may 
have a s t r o n g e r  a f f i n i t y  f o r  t h e i r  t e r r i t o r i e s  and less  tendency t o  
e m i g r a t e .  Berg (1982) demonstrated t h a t  d u r i n g  s h o r t  p u l s e s  of 
suspended s e d i m e n t a t i o n  j u v e n i l e  coho s o c i a l  p a t t e r n s  were d i s t u r b e d ,  
forms of  a g g r e s s i o n  changed, a c t i v i t y  i n c r e a s e d ,  and f e e d i n g  
a b i l i t y  dec reased .  Crouse e t  a l . ,  (1981) demonstrated t h a t  i n c r e a s e d  
s e d i m e n t a t i o n  suppres sed  p r o d u c t i o n  ( t i s s u e  e l a b o r a t i o n )  i n  j u v e n i l e  
coho salmon. C a r r y i n g  c a p a c i t y  f o r  j u v e n i l e s  can a l s o  be  reduced by 
s e d i m e n t a t i o n .  Bjornn e t  a l . ,  1977 found t h a t  abundance of j u v e n i l e  
chinook salmon i n  p o o l s  d e c l i n e d  i n  a lmost  d i r e c t  p r o p o r t i o n  t o  t h e  
amount of p o o l  area l o s t  t o  d e p o s i t e d  sediment .  
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Sediment C o n t r i b u t i o n  from Timber Harvest :  

Sediment i s  in t roduced  i n t o  streams as a resu l t  of t imber  h a r v e s t  in 
f o u r  main ways: 1) h a r v e s t i n g  t e c h n i q u e s ,  mass s l o p e  f a i l u r e ,  and 
l a n d s l i d e ;  2 )  l a n d s l i d e s  caused by road b u i l d i n g ,  and e r o s i o n  of road 
beds and g r a v e l  p i t s ;  3)  d i s t u r b a n c e  of s t ream banks and s t ream 
channels ;  4) c o n s t r u c t i o n  of b r i d g e  and c u l v e r t  c r o s s i n g s .  

S u r f a c e  e r o s i o n  from y a r d i n g  and f e l l i n g  i s  h i g h l y  c o r r e l a t e d  w i t h  
t imber  h a r v e s t  t echnique  and d e s i g n  (Rienhar t  e t  a l . ,  19631, w i t h  l a r g e r  
c l e a r - c u t s  producing t h e  most sediment .  Tree removal from s teep  s l o p e s  
reduces  s l o p e  s t a b i l i t y  and may a c c e l e r a t e  t h e  ra te  of mass s o i l  
movement and l a n d s l i d e s  (Swanston, 1974).  Anderson (1971) found t h a t  
r e c e n t l y  logged a r e a s  and logging  roads  had a s i g n i f i c a n t  e f f e c t  on 
sediment d i s c h a r g e .  F r e d r i k s e n  (1970) r e p o r t e d  an i n c r e a s e  a f t e r  road 
b u i l d i n g  i n  peak sediment c o n c e n t r a t i o n s  t o  250 t i m e s  t h o s e  recorded  i n  
n a t u r a l  watersheds .  Brown and Krygier  (1971) found t h a t  sediment 
product ion  doubled a f t e r  road c o n s t r u c t i o n  i n  one watershed and t r i p l e d  
i n  a n o t h e r  a f t e r  logging  and burning.  Burns (1970) found t h a t  
s e d i m e n t a t i o n  w a s  g r e a t e s t  d u r i n g  road c o n s t r u c t i o n  and a f t e r  
d e s t r u c t i o n  of s t ream banks. 

Sedimentat ion i n  S o u t h e a s t  Alaska: 

Mass was t ing  i s  a common n a t u r a l  e v e n t  i n  s o u t h e a s t  Alaska,  where o v e r  
3,800 l a r g e - s c a l e  l a n d s l i d e s  have occurred  w i t h i n  t h e  l a s t  150 y e a r s  
(Swanston, 1974).  Logging can t r i g g e r  l a n d s l i d e s  by d e s t a b i l i z i n g  
s o i l s ;  Bishop and Stevens  (1964) noted  a four - fo ld  i n c r e a s e  i n  t h e  r a t e  
of l a n d s l i d e s  i n  Maybeso Creek fo l lowing  logging .  Many sedimenta t ion  
e v e n t s  a r e  d i r e c t l y  a t t r i b u t e d  t o  human a c t i v i t y .  Road b u i l d i n g  i n  Bear 
Creek, Mitkof I s l a n d ,  caused two major s l i d e s  i n  1976. I n  K i s u t c h i a  
Creek, Baranof I s l a n d ,  f l o o d  waters d i v e r t e d  i n t o  a g r a v e l  p i t  r e s u l t e d  
i n  sed imenta t ion  of i n t e r t i d a l  spawning a r e a s  (Art  Schmidt,  p e r s o n a l  
communication). Logging on u n s t a b l e  s o i l s  on Kruzof I s l a n d  caused a 
number of s m a l l  l a n d s l i d e s  on c u t  s l o p e s  a long  r o a d s  ( p e r s o n a l  
o b s e r v a t i o n ) .  

Koski and Walter  (1977) a l s o  c i t e  t h e  f o l l o w i n g  o b s e r v a t i o n s :  

- t u r b i d i t y  on a t r i b u t a r y  of Twelve Mile Creek, P r i n c e  of Wales 
I s l a n d ,  reached 3,200 ppm i n  1 day d u r i n g  g r a v e l  removal 
o p e r a t i o n s .  

- b r i d g e  c o n s t r u c t i o n  a c r o s s  Bonnie Creek, P r i n c e  of Wales I s l a n d ,  
i n c r e a s e d  sediment from 0.49 l b / 8  h r  t o  1,048 l b / 8  h r .  

- an 8.5% i n c r e a s e  i n  sediment fol lowed logging  of Rodman Creek, 
Baranof I s l a n d .  

Low-level i n t r o d u c t i o n s  of sediment are p o o r l y  documented i n  S o u t h e a s t  
and, w i t h  t h e  e x c e p t i o n  of o b s e r v a t i o n s  of bank d e s t r u c t i o n  by Reed and 
E l l i o t t  (1972),  have n o t  been q u a n t i f i e d .  Most low-level  s o u r c e s  r e s u l t  
from bank d e s t r u c t i o n ,  bank and channel  i n s t a b i l i t y  a f t e r  removing 
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s t r e a m s i d e  t rees ,  and channe l  m o d i f i c a t i o n  by d i s t u r b a n c e  o r  
accumulat ion of d e b r i s  ( S c r i v e n e r  and Brownlee, 1981; Bryan t ,  1983; 
Culp and Dav ies ,  1983; T s c h a p l i n s k i  and Hartman, 1983).  

Logging Sediment and F i s h  M o r t a l i t y :  

S t u d i e s  i n  S o u t h e a s t  on t h e  e f f e c t s  of sediment on salmon have focused  
on sediment p a r t i c l e s  0.833 mm i n  d i ame te r  o r  smaller a s  t h o s e  most 
l i k e l y  t o  r educe  g r a v e l  p e r m e a b i l i t y .  A s i g n i f i c a n t  p e r c e n t a g e  i n c r e a s e  
i n  t h i s  s i z e  range f o l l o w i n g  l o g g i n g  w a s  no ted  i n  t h e  Harris R ive r  by 
She r idan  and McNeil (1968) and i n  108 Creek by Novak (1975).  However, 
t h e s e  r e s u l t s  were i n c o n c l u s i v e  r e g a r d i n g  t h e  e f f e c t s  on salmonid 
abundance because of v a r i a t i o n  i n  a d u l t  escapement ( P e l l a  and Myren, 
1974; S h e r i d a n ,  1982).  Benda (1983) showed t h a t  t h e r e  w a s  an i n c r e a s e  
of 11.5% i n  sediment p a r t i c l e s  less than  4.0 mm i n  d i a m e t e r  and a 
s i g n i f i c a n t l y  lower mean s u r v i v a l  of p i n k  salmon a l e v i n s  a f t e r  a 
l a n d s l i d e  caused by road c o n s t r u c t i o n  i n  t h e  Blossom Rive r .  

Holtby and Hartman (1982) summarized t h e  e f f e c t s  of l o g g i n g  
s e d i m e n t a t i o n  on salmonids i n  C a r n a t i o n  Creek: 

v e r y  s i g n i f i c a n t l y ,  s t r e a m s i d e  logg ing  h a s  l e d  t o  g r a d u a l  
b u t  a c c e l e r a t i n g  changes i n  stream morphometrp. Sediment-
a t i o n  and bedload movement a s s o c i a t e d  w i t h  bank e r o s i o n  
and c h a n n e l i z a t i o n  have r e s u l t e d  from streambank l o g g i n g  
p r a c t i c e s  and d e b r i s  t r a n s p o r t  caused by l o g g i n g  
a c t i v i t y .  Such h a b i t a t  d e g r a d a t i o n  i s  i m p l i c a t e d  i n  
a l r e a d y  d e c l i n i n g  egg t o  f r y  s u r v i v a l .  

These f i n d i n g s  have been c o r r o b o r a t e d  i n  p a r t  by Bryant  (1980) a t  
Maybeso Creek on P r i n c e  of Wales I s l a n d .  

Cedarholm e t  a l .  (1981) r e p o r t e d  t h a t  cumula t ive  sed imen ta t ion  from 
l o g g i n g  r o a d s  s i g n i f i c a n t l y  reduced t h e  s u r v i v a l  of coho embryos i n  t h e  
C lea rwa te r  R i v e r ,  Washington. Both Cedarholm e t  a l .  (1981) and McNeil 
(1980) recommended i n c r e a s e d  escapement t o  compensate f o r  d e c r e a s e d  
p r o d u c t i o n  where egg s u r v i v a l  i s  b e i n g  impaired.  A s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  s u r v i v a l  of chum salmon and coho salmon embryos i n  
C a r n a t i o n  Creek,  B r i t i s h  Columbia, occu r red  a f t e r  f i n e s  were d e p o s i t e d  
i n  t h e  t o p  s t r a t a  of g r a v e l  spawning beds ( S c r i v e n e r  and Brownlee, 
1981).  They a l s o  show t h a t  f i n e  sediment i s  removed from g r a v e l s  d u r i n g  
f r e s h e t s  when t h e  s o u r c e  of sediment i s  a r r e s t e d  and t h a t  f i n e s  l ess  
t h a n  0.297 mm d i d  n o t  p e r s i s t  i n  t h e  g r a v e l  f o r  more t h a n  1 y e a r .  

Most d e s t r u c t i v e  s e d i m e n t a t i o n  i n  S o u t h e a s t  a p p e a r s  t o  be caused by 
c a t a s t r o p h i c  e v e n t s  a t t r i b u t a b l e  t o  human e r r o r ,  poor  p l a n n i n g  and 
l a y o u t ,  poor  c o n s t r u c t i o n  methods,  and v i o l a t i o n  of b e s t  p r a c t i c e s .  
However, ev idence  from C a r n a t i o n  Creek s u g g e s t s  t h a t  s e d i m e n t a t i o n  from 
bank d e s t r u c t i o n  and d e s t a b i l i z a t i o n  of d e b r i s  may be  a g r e a t e r  and more 
long-term s o u r c e  of m o r t a l i t y  of  salmonid embryos. Though most sediment  
i s  f l u s h e d  from t h e  system w i t h i n  1 y e a r ,  t h e r e  i s  concern t h a t  
s e d i m e n t a t i o n  and bedload movement a s s o c i a t e d  w i t h  bank e r o s i o n  and 
channel iza t ion  i s  inc reas ing  (Holtby and Hartman, 1982). I f  similar 
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p r o c e s s e s  a r e  o c c u r r i n g  i n  s o u t h e a s t  Alaska,  they  have n o t  been d e t e c t e d  
due t o  a l a c k  of r e s e a r c h .  

Water Q u a l i t y  

Disso lved  Oxygen: 

Adult  Migrat ion.  Reduced d i s s o l v e d  oxygen c o n c e n t r a t i o n  can a d v e r s e l y  
a f f e c t  t h e  swimming performance of m i g r a t i n g  salmonids ( R e i s e r  and 
Bjornn,  1979).  Low oxygen can a l s o  cause  avoidance r e a c t i o n s  o r  cause  
m i g r a t i o n  t o  s t o p  (Whitmore e t  a l . ,  1960).  Oxygen l e v e l s  recommended 
f o r  spawning f i s h  i n c l u d e  l e v e l s  a t  t h e  80% s a t u r a t i o n  l e v e l  and 
temporary a b s o l u t e  levels  no lower t h a n  5.0 mg/l .  

Large-scale  m o r t a l i t y  of spawning p ink  salmon h a s  f r e q u e n t l y  been 
observed i n  logged and f o r e s t e d  streams i n  S o u t h e a s t  (Novak, 1975; 
Murphy, i n  p r e s s ) .  M o r t a l i t y  i s  p r i m a r i l y  due t o  low oxygen l e v e l s  when 
drought  c o n d i t i o n s  d e c r e a s e  d i s c h a r g e  and e l e v a t e  s t r e a m  tempera ture  
( reducing  t h e  oxygen s a t u r a t i o n  p o i n t )  and s t r a n d  f i s h  i n  p o o l s  where 
t h e r e  i s  poor a e r a t i o n .  The decomposi t ion of salmon c a r c a s s e s  may a l s o  
c o n t r i b u t e  t o  t h e  r e d u c t i o n  i n  oxygen. 

S i n c e  c l e a r - c u t t i n g  i n c r e a s e s  stream tempera ture  ( t h e r e b y  d e c r e a s i n g  t h e  
s a t u r a t i o n  p o i n t ) ,  i t  i s  p o s s i b l e  t h a t  logging  may e x a c e r b a t e  a d u l t  
m o r t a l i t y  d u r i n g  drought  c o n d i t i o n s .  A d d i t i o n a l l y ,  r a p i d l y  growing 
second growth may reduce s t reamflow r e l a t i v e  t o  pre- logging l e v e l s  
(Berndt and Swank, 1970).  S i n c e  approximately 50 y e a r s  are r e q u i r e d  
b e f o r e  second growth r e a c h e s  a h e i g h t  s u f f i c i e n t  t o  shade stream 
c h a n n e l s ,  t h e  combination of h igh  tempera tures  and decreased  s t reamflow 
may i n c r e a s e  t h e  frequency of m o r t a l i t y  i n c i d e n t s  d u r i n g  p e r i o d s  of low 
p r e c i p i t a t i o n .  Although c l e a r - c u t t i n g  may be r e l a t e d  t o  a d u l t  d i e - o f f s  
i n  S o u t h e a s t ,  c u r r e n t  o b s e r v a t i o n s  (Novak, 1975) are n o t  c o n c l u s i v e ;  
managers should be prepared  w i t h  adequate  s t u d y  d e s i g n s  t o  examine t h e s e  
e f f e c t s  i n  d e t a i l  when t h e  n e x t  e v e n t  occurs .  

I n c u b a t i o n  and Development. The range of c o n c e n t r a t i o n s  of d i s s o l v e d  
oxygen c r i t i c a l  t o  t h e  s u r v i v a l  and development of salmonid embryos 
i s  narrow (Lindro th ,  1942; Hayes e t  a l . ,  1951; Wicket t ,  1954; Alderd ice  
e t  a l . ,  1958).  Labora tory  tests w i t h  coho, chum, and chinook salmon, 
and s t e e l h e a d  eggs i n d i c a t e  t h e  fo l lowing  r e l a t i o n s h i p s :  s a c  f r y  from 
embryos incubated  a t  low and i n t e r m e d i a t e  oxygen c o n c e n t r a t i o n s  a r e  
smaller and weaker t h a n  s a c  f r y  r e a r e d  a t  h i g h e r  c o n c e n t r a t i o n s  ( S i l v e r  
e t  a l . ,  1963);  reduced oxygen levels  l e a d  t o  smaller newly ha tched  f r y  
and a l o n g e r  i n c u b a t i o n  p e r i o d  (Shumway et a l . ,  1964);  low oxygen l e v e l s  
i n  t h e  e a r l y  s t a g e s  of development may d e l a y  h a t c h i n g  o r  i n c r e a s e  t h e  
i n c i d e n c e  of abnormal embryos (Alderd ice  e t  a l . ,  1958).  

Oxygen d e l i v e r y  t o  salmonid embryos can be reduced when sediments  c l o g  
g r a v e l s  and reduce t h e  i n t r a g r a v e l  w a t e r  f low (McNeil and Ahnel l ,  1964).  
Furthermore,  heavy accumulat ions of  f i n e  p a r t i c u l a t e  d e b r i s  from logging  
s l a s h  i n c r e a s e  t h e  b i o l o g i c a l  oxygen demand and d e c r e a s e  t h e  i n t r a -
g r a v e l  oxygen c o n c e n t r a t i o n  ( H a l l  and Lantz ,  1969; Berry ,  1974; Ponce, 
1974) .  
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E f f e c t s  on J u v e n i l e s .  The c o n c e n t r a t i o n  of d i s s o l v e d  oxygen i n  streams 
i s  impor t an t  t o  r e a r i n g  salmonids.  Hermann e t  a l .  (1962) showed t h a t  
growth r a t e ,  food consumption, and e f f i c i e n c y  of  food u t i l i z a t i o n  of  
j u v e n i l e  coho salmon a l l  d e c l i n e  when oxygen i s  less  than  6 mg/l .  
J u v e n i l e  chinook w i l l  avo id  water w i t h  c o n c e n t r a t i o n s  of 1.4-4.5 mg/l  i n  
t h e  summer, b u t  w i l l  r e a c t  less  t o  low c o n c e n t r a t i o n s  i n  t h e  f a l l  when 
t e m p e r a t u r e s  are lower (Whitmore e t  a l . ,  1960).  The swimming speed of  
rainbow t r o u t  i s  impaired by reduced oxygen l e v e l s  i n  t h e  water ( J o n e s ,  
1971).  

Heavy accumulat ion of f r e s h  s l a s h  can impound s t r e a m s  and,  d u r i n g  sunny 
w e a t h e r ,  water t e m p e r a t u r e s  can i n c r e a s e ,  t h e r e b y  lowering t h e  oxygen 
s a t u r a t i o n  p o i n t .  F r e s h  g reen  s l a s h  c o n t a i n s  w a t e r - s o l u b l e  l e a c h a t e s  
t h a t  when d i s s o l v e d  by t h e  water a r e  a t t a c k e d  by stream microorganisms.  
Under t h e s e  c o n d i t i o n s  b i o l o g i c a l  oxygen demand may r educe  t h e  amount of 
oxygen below t h e  t o l e r a n c e  l e v e l s  of j u v e n i l e s .  Reduct ion of d i s s o l v e d  
oxygen as a r e s u l t  of t h e s e  f a c t o r s  h a s  n o t  been documented i n  t h e  f i e l d  
i n  S o u t h e a s t ,  b u t  low oxygen from decomposing s l a s h  was a major  cause  of 
salmonid m o r t a l i t y  a f t e r  l o g g i n g  of Needle Branch Creek,  Oregon (Moring, 
1975b).  

N u t r i e n t s :  

N u t r i e n t  c o n c e n t r a t i o n s  may i n c r e a s e  a f t e r  l o g g i n g  (Bormann and L ikens ,  
1970) ,  b u t  u s u a l l y  by moderate  amounts and f o r  s h o r t  p e r i o d s  of t i m e  
(Chamberlin,  1982).  N u t r i e n t s  r e l e a s e d  a f t e r  c l e a r - c u t t i n g  a r e  t a k e n  up 
r a p i d l y  by s o i l  and stream microorganisms ( F r e d r i k s e n ,  1971).  Shor t -
term i n c r e a s e s  i n  n i t r a t e s  have been documented a f t e r  c l e a r - c u t t i n g  i n  
some west c o a s t  streams, b u t  w i t h o u t  d e l e t e r i o u s  e f f e c t s  (Chamberlin,  
1982).  However, where streams are l i m i t e d  i n  n u t r i e n t s ,  such  as 
phospha te ,  major  a l g a l  blooms can occur  a f t e r  minor i n c r e a s e s  i n  t h e  
n u t r i e n t .  

S i n c e  d r a i n a g e s  i n  S o u t h e a s t  are g e n e r a l l y  n u t r i e n t  poor  (Schmidt,  
1979) ,  l o g g i n g  may i n c r e a s e  pr imary p r o d u c t i o n  i f  t e m p e r a t u r e  and f low 
c o n d i t i o n s  p e r m i t .  I n c r e a s e d  n u t r i e n t s  may be  l i n k e d  w i t h  s o l a r  
r a d i a t i o n  i n  c a u s i n g  t h e  h i g h e r  pr imary and secondary p r o d u c t i o n  
observed by Murphy and Koski ( i n  p r e s s )  i n  logged streams of s o u t h e a s t  
Alaska.  

Leacha te s :  

Logging s l a s h  may c o n t r i b u t e  l e a c h a t e s  t h a t  are  p o t e n t i a l l y  t o x i c  t o  
salmonids.  Buchanan e t  a l .  (1976) found t h a t  extracts  from s p r u c e  and 
hemlock b a r k  w e r e  t o x i c  t o  p i n k  salmon f r y  a t  56 mg/l  (96-hr LC50) and 
P e t e r s  e t  a l .  (1976) r e p o r t e d  t h a t  l e a c h a t e s  from w e s t e r n  r e d  c e d a r  
(Thuga p l i c a t a )  w e r e  t o x i c  t o  j u v e n i l e  coho salmon a t  0.33 mg/l  f o r  
f o l i a g e  t e r p e n e s  and 2.7 mg/l  f o r  t r o p o l o n e s .  

E f f e c t s  on t h e  Rea r ing  Environment 

Logging S l a s h  and D e b r i s  Depos i t i on :  
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C l e a r - c u t t i n g  t o  o r  a c r o s s  small streams f r e q u e n t l y  d e p o s i t s  l a r g e  
q u a n t i t i e s  of woody d e b r i s  (such as l imbs ,  b o l e s ,  and non-merchantable 
t i m b e r )  i n t o  t h e  streams. Logging d e b r i s  i s  g e n e r a l l y  s m a l l e r  and 
accumulates  more d e n s e l y  than  n a t u r a l l y  o c c u r r i n g  d e b r i s .  S t u d i e s  by 
Bryant  (1983) on P r i n c e  of Wales I s l a n d  show t h a t  accumulat ion of 
l o g g i n g  d e b r i s  can be as much as seven t imes t h e  amount of d e b r i s  
o c c u r i n g  i n  u n d i s t u r b e d  streams. 

H a l l  and Baker (1975) summarized b e n e f i c i a l  and a d v e r s e  e f f e c t s  of 
o r g a n i c  d e b r i s  on f i s h  h a b i t a t s .  Most a d v e r s e  e f f e c t s  a r i s e  from water 
q u a l i t y  impacts .  Accumulations of d e b r i s  were found t o  i n c r e a s e  
b i o l o g i c a l  oxygen demand ( B O D ) ,  and s e v e r a l  i n v e s t i g a t o r s  measured 
d e c r e a s e s  of i n s t r e a m  and i n t r a g r a v e l  oxygen which r e s u l t e d  from heavy 
accumula t ions  of f i n e  o r g a n i c  ma te r i a l  ( H a l l  and L a n t z ,  1969; Ber ry ,  
1974;  Ponce, 1 9 7 4 ) .  T h i s  material  may a l s o  c o n t r i b u t e  p o t e n t i a l l y  t o x i c  
l e a c h a t e s  (Buchanan e t  a l . ,  1976).  Peters e t  a l .  (1976) r e p o r t e d  t h a t  
w a t e r - s o l u b l e  l e a c h a t e s  of w e s t e r n  r e d  c e d a r  were t o x i c  t o  j u v e n i l e  coho 
salmon a t  0 .33 mg/l  f o r  f o l i a g e  t e r p e n e s  and 2 . 7  mg/l  f o r  t r o p o l o n e s .  
N e i t h e r  BOD problems n o r  t o x i c  c o n c e n t r a t i o n s  from d e b r i s  d e p o s i t i o n  
have been documented i n  s o u t h e a s t  Alaska.  

Under c e r t a i n  c o n d i t i o n s  d e b r i s  can form b a r r i e r s  t o  m i g r a t i n g  a d u l t s  
and must be removed ( M e r e l l ,  1951).  When l o g  jams create  f a l l s ,  
m i g r a t i o n  can be  blocked (Narver ,  1971) ,  b u t  i n  most s i t u a t i o n s  t h e  
stream w i l l  undermine o r  be  d i v e r t e d  around l o g  jams, t h e r e b y  p r o v i d i n g  
a c c e s s  ( p e r s o n a l  o b s e r v a t i o n ) .  I n  l a r g e  s t r e a m s  of s u f f i c i e n t  
d i s c h a r g e ,  small materials (such as b ranches )  are f l o a t e d  and washed 
downstream, b u t  i n  smaller streams (1-5 i n  w i d t h ) ,  materials such  as 
s l a s h ,  b r a n c h e s ,  t i m b e r ,  and small p i e c e s  of f r a c t u r e d  wood may 
i n t e r l o c k  t o  form b a r r i e r s  t o  a d u l t s  ( though seldom t o  j u v e n i l e s ) .  
E l l i o t t  ( i n  p r e s s )  found t h a t  removal of such mater ia l  g r e a t l y  improved 
a c c e s s  f o r  spawning p i n k  salmon and a l s o  p rov ided  new spawning g r a v e l s  
f o r  f i s h .  

Removal of l o g g i n g  r e s i d u e  from streams i s  a common p r a c t i c e  and h a s  
been conducted on many streams i n  S o u t h e a s t ,  b u t  w i t h  no e v a l u a t i o n  of 
i t s  e f f e c t s  on f i s h  o r  o t h e r  b i o t a .  Both C a r d i n a l  (1980) and D o l l o f f  
(1983) found t h a t  j u v e n i l e  Do l ly  Varden c h a r  and coho salmon w e r e  h i g h l y  
a s s o c i a t e d  w i t h  logg ing  d e b r i s  and t h a t  d e n s i t i e s  i n  l i t t e r e d  streams 
w e r e  s i m i l a r  t o  d e n s i t i e s  i n  p r i s t i n e  streams. Furthermore,  C a r d i n a l  
(1980) p r e d i c t e d  t h a t  removal of  l o g g i n g  d e b r i s  would have a d e t r i m e n t a l  
e f f e c t  on t h e  abundance of r e a r i n g  salmonids.  E l l i o t t  ( i n  p r e s s )  found 
t h a t  removal of l o g g i n g  d e b r i s  caused an 80% r e d u c t i o n  i n  t h e  abundance 
of j u v e n i l e  Do l ly  Varden and a temporary r e d u c t i o n  i n  ben thos  numbers, 
and may have caused a long-term d e s t a b i l i z a t i o n  of t h e  c h a r  p o p u l a t i o n .  
Bryant  (1983) summarized t h e s e  and o t h e r  f i n d i n g s  and developed c o n c i s e  
g u i d e l i n e s  f o r  c o n d i t i o n s  under  which d e b r i s  i s  t o  be  removed, g o a l s  of 
d e b r i s  removal,  and p rocedures  f o r  removal. 

Changes i n  t h e  P h y s i c a l  S t r u c t u r e  of  t h e  H a b i t a t :  

Stream h a b i t a t  p r o v i d e s  f o r  two impor t an t  f u n c t i o n s  that  are d i r e c t l y  
r e l a t e d  t o  a stream's salmonid c a r r y i n g  c a p a c i t y :  f i s h  can r e s i d e  i n  low 
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v e l o c i t y  t tpocketS, l l  from which they  v e n t u r e  o u t  t o  f o r a g e ;  and seek  
r e f u g e  i n  concealed a r e a s  when d i s t u r b e d  (Bachman, 1984) .  H a b i t a t  
r equ i r emen t s  change w i t h  age ,  s i z e  (Bachman, 1982; 1984) ,  and season ;  
d u r i n g  t h e  f a l l ,  d e c l i n i n g  w a t e r  t empera tu res  r educe  m e t a b o l i c  a c t i v i t y  
and swimming performance ( B r e t t ,  1964) ,  and h a b i t a t  may be s e l e c t e d  
based on i t s  a b i l i t y  t o  s h e l t e r  f i s h  from f l o o d s  (Bustard and Narver ,  
1975a) .  b!inter h a b i t a t  may be t h e  most c r i t i c a l  f a c t o r  i n  d e t e r m i n i n g  
t h e  annua l  abundance of  j u v e n i l e s  d u r i n g  t h e i r  f r e s h w a t e r  phase ,  as 
c o n s i d e r a b l e  ev idence  shows t h a t  i n  t h e  absence of s u i t a b l e  w i n t e r  
c o v e r ,  p o p u l a t i o n s  can be g r e a t l y  reduced by f l o o d s  (Mason, 1976; 
T s c h a p l i n s k i  and Hartman, 1983).  In  S o u t h e a s t  c o a s t a l  streams, h a b i t a t  
f o r  j u v e n i l e s  i s  formed by t h e  h y d r a u l i c  a c t i o n  of water p lung ing  o v e r  
o r  moving around l a r g e  o r g a n i c  d e b r i s  ( L O D ) ,  such a s  l o g s  o r  r o o t  b o l e s .  
The c u t t i n g  a c t i o n  of t h e  stream s c o u r s  o u t  p o o l s  and p r o v i d e s  q u i e t  
areas f r e e  from s t r o n g  c u r r e n t  v e l o c i t i e s .  About 70% of t h e  s t r e a m  
h a b i t a t  s t r u c t u r e s  t h a t  a r e  used by j u v e n i l e s  a r e  formed by t h e  
i n f l u e n c e  of LOD (Murphy and Koski,  i n  p r e s s ;  E l l i o t t ,  u n p u b l i s h e d ) ,  
making i t  t h e  s i n g l e  most impor t an t  f e a t u r e  c h a r a c t e r i z i n g  r e a r i n g  
salmonid h a b i t a t ,  

T i m b e r  h a r v e s t  a f f e c t s  summer and w i n t e r  h a b i t a t  i n  several  ways: 
mechanical  removal of LOD and d e s t r u c t i o n  of unde rcu t  banks,  
o v e r c l e a n i n g  by stream c l e a r a n c e  crews, and t h e  growth of s t r e a m s i d e  
v e g e t a t i o n .  Cross-s t ream y a r d i n g  d i s l o d g e s  and d e s t a b i l i z e s  in - s t r eam 
d e b r i s ,  o f t e n  moving i t  t o  nea r - shore  areas. Yarding of l o g s  p a r a l l e l  
t o  o r  up stream c h a n n e l s  i s  p a r t i c u l a r l y  d e s t r u c t i v e .  Removal of 
l o g g i n g  r e s i d u e ,  even by expe r i enced  crews, f r e q u e n t l y  o v e r c l e a n s  
streams and much n a t u r a l  d e b r i s  i s  removed i n  t h e  p r o c e s s  (Murphy and 
Koski ,  i n  p r e s s ) .  T h i s ,  however, a p p e a r s  t o  be  s i t e  s p e c i f i c  a s  E l l i o t t  
(unpub l i shed)  found no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  amount of d e b r i s  i n  
logged and f o r e s t e d  streams of t h e  n o r t h e r n  Tongass F o r e s t .  

C u t t i n g  and y a r d i n g  o p e r a t i o n s  c o l l a p s e  unde rcu t  banks ,  e l i m i n a t i n g  
v a l u a b l e  c o v e r  f o r  j u v e n i l e s .  Both Murphy and Koski ( i n  p r e s s )  and 
E l l i o t t  (unpub l i shed)  have found unde rcu t  bank h a b i t a t  t o  be  twice as 
i n f r e q u e n t  a f t e r  l ogg ing .  T s c h a p l i n s k i  and Hartman (1983) observed t h a t  
s t r e a m s i d e  l o g g i n g  d e s t a b i l i z e d  u n d e r c u t s  c o n t r i b u t i n g  t o  t h e i r  c o l l a p s e  
d u r i n g  f r e s h e t s  and r e s u l t i n g  i n  dec reased  coho abundance. 

Removal of t h e  f o r e s t  canopy s t i m u l a t e s  p r o f u s e  growth of s t r e a m s i d e  
v e g e t a t i o n .  Although v e g e t a t i o n  can form v a l u a b l e  cove r  f o r  j u v e n i l e s ,  
e s p e c i a l l y  when i t  overhangs p o o l s  o r  o t h e r  q u i e t  areas,  i t  i s  n o t  
u n i v e r s a l l y  impor t an t  as cove r  i n  a l l  l o c a t i o n s .  Overhanging 
v e g e t a t i o n ,  e s p e c i a l l y  when i n  f l o w e r ,  a t t r a c t s  numerous t e r r e s t r i a l  
i n s e c t s  ( p e r s o n a l  o b s e r v a t i o n )  which c o n t r i b u t e  t o  t h e  d i e t  of j u v e n i l e s  
and supplement t h e i r  food supp ly  (Meehan e t  a l . ,  1977).  

Channel Morphology: 

Because l o g g i n g  d e b r i s  i s  more d e n s e l y  c o n c e n t r a t e d  (up t o  seven  t i m e s )  
t h a n  most n a t u r a l  accumula t ions ,  i t  can s e v e r e l y  c o n s t r i c t  f l ows .  I n  
l a r g e  streams t h i s  r e s u l t s  i n  r a p i d  streambed and streambank c u t t i n g  and 
d e s t a b i l i z a t i o n  of a l l  woody material (Bryan t ,  1983). When l o g g i n g  
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d e b r i s  e n t e r s  a s t ream,  i t  i s  l o o s e  and f l o a t s  e a s i l y .  Thus, i t  w i l l  
move i n  channels  d u r i n g  f l o o d s  and d i s l o d g e  more s t a b l e  accumula t ions ,  
r e l e a s e  sedimenr:, and i n c r e a s e  channel  i n s t a b i l i t y .  Large 
c o n c e n t r a t i o n s  of u n s t a b l e  m a t e r i a l  can have a d v e r s e  e f f e c t s  on channel  
morphology and t h e  g e n e r a l  s u i t a b i l i t y  of s t reams f o r  salmonid spawning 
and r e a r i n g .  A s  o r g a n i c  m a t e r i a l  and sediment s h i f t  a long t h e  s t r e a m ,  
g r a v e l  b a r s  are formed, e r o s i o n  occurs  around p i l e s  of l a r g e  o r g a n i c  
d e b r i s ,  and channels  become u n s t a b l e .  Heavy l o a d i n g  of d e b r i s  i n  
s t reams of more t h a n  10% g r a d i e n t  can cause  d e b r i s  t o r r e n t s  t h a t  scour  
o u t  e n t i r e  channels  and d e p o s i t  massive jams downstream. 

A d d i t i o n a l  e f f e c t s  of l a r g e  woody d e b r i s  on s t ream channel  morphology 
were d i s c u s s e d  by Swanson e t  a l .  (1977) and Bryant (1980) f o r  S o u t h e a s t  
s t reams.  These e f f e c t s  i n c l u d e  long-term changes i n  sediment s t o r a g e ,  
d i r e c t i o n  of f low,  and h e t e r o g e n e i t y  of s t ream channels .  

L ight  Levels :  

S tockner  and S h o r t r e e d  (1975) found t h a t  low l e v e l s  of a l g a l  product ion  
i n  f o r e s t e d  s t reams were r e l a t e d  t o  t h e  poor l i g h t  c o n d i t i o n s  found 
under  t h e  dense t imber  c a n o p i e s ,  S u n l i g h t  p e n e t r a t i o n  i n c r e a s e s  a f t e r  
c l e a r - c u t t i n g  t o  t h e  edge of streambanks and, e i t h e r  independent ly  o r  
coupled w i t h  e l e v a t e d  n u t r i e n t s  and t e m p e r a t u r e ,  h a s  been shown t o  
i n c r e a s e  t h e  primary p r o d u c t i v i t y  o f  s m a l l  s t r e a m s  (Bormann and Likens ,  
1970; Hansmann and Phinney, 1973; Murphy and Koski,  i n  p r e s s ) .  Weber 
(1981) found more benthos  i n  s o u t h e a s t  Alaska c l e a r - c u t s ,  and Murphy and 
Koski ( i n  p r e s s )  r e p o r t e d  a s t r o n g  c o r r e l a t i o n  between i n c r e a s e d  a l g a l  
product ion  i n  c l e a r - c u t s  and e l e v a t e d  l e v e l s  of a q u a t i c  benthos  
product ion  and concluded t h a t  t h e s e  f a c t o r s  were r e s p o n s i b l e  f o r  
i n c r e a s e d  abundance of age-0 coho f r y  i n  logged streams t h a t  had h i g h  
n u t r i e n t  l e v e l s .  

Increased  Fry Product ion  Examined: 

As s e e n  i n  t h e  s e c t i o n  on "Light Levels , "  per iphyton  growth i n  many 
s t reams i s  l i g h t  l i m i t e d  and removal of t h e  canopy i n c r e a s e s  s u n l i g h t  
p e n e t r a t i o n , i n c r e a s e s  au to t rophy , and may l e a d  t o  g r e a t e r  benthos  
p r o d u c t i o n  and s i g n i f i c a n t l y  g r e a t e r  abundance of age-0 coho f r y  if 
n u t r i e n t s  a r e  h igh .  There i s  less response  t o  t h e s e  f a c t o r s  where 
n u t r i e n t s  a r e  low (Murphy and Koski,  i n  p r e s s ) .  These f i n d i n g s  
c o r r o b o r a t e  t h e  c o n c l u s i o n s  of McFadden (1969) and t h e  o b s e r v a t i o n s  of 
Mason and Chapman (1965) and Hunt (1969) t h a t  d e n s i t y  of j u v e n i l e s  may 
b e  food l i m i t e d  and t h a t  j u v e n i l e s  f r e q u e n t l y  respond t o  i n c r e a s e s  i n  
food supply w i t h  an  i n c r e a s e  i n  r e a r i n g  d e n s i t y  ( D i l l  et a l . ,  1981).  
Not on ly  a r e  f r y  more numerous, b u t  t h e y  are s l i g h t l y  l a r g e r  i n  s i z e  
( E l l i o t t ,  unpubl i shed;  Murphy and E l l i o t t ,  unpubl ished d a t a ) .  I n c r e a s e d  
s i z e  i s  thought  t o  be a response  t o  l o n g e r  growing seasons  (Hartman e t  
a l . ,  1982; S c r i v e n e r  and Andersen, 1984) r a t h e r  t h a n  i n c r e a s e d  food 
supply -
These r e c e n t  f i n d i n g s  have been s e i z e d  and promoted by some a s  ev idence  
t h a t  logging  i s  b e n e f i c i a l  t o  t h e  product ion  of salmonids.  However, 
t h e s e  phenomena are conf ined  t o  s p e c i f i c  a r e a s  (Murphy and Koski,  i n  
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p r e s s )  and t h e r e  i s  no c o n c l u s i v e  ev idence  t h a t  "enrichment" of streams 
a f t e r  l o g g i n g  improves s t o c k  abundance. 

Fry p o p u l a t i o n s  i n  p r i s t i n e  s e t t i n g s  are extremely ephemeral and can 
r a p i d l y  d e c r e a s e  d u r i n g  t h e i r  f i r s t  y e a r  i n  f r e s h  w a t e r  (Chapman, 1965; 
Crone and Bond, 1976) .  A s  t h e  f r y  grow, demands f o r  food and space  
i n c r e a s e  and p o p u l a t i o n s  a d j u s t  by d e c r e a s i n g  t h e i r  d e n s i t y ,  u s u a l l y  
through e m i g r a t i o n  of t h e  l ea s t  f i t  i n d i v i d u a l s  (Chapman, 1966) .  
However, when food i s  abundant r e l a t i v e  t o  f r y  r e c r u i t m e n t ,  space  
r equ i r emen t s  d e c r e a s e  (McFadden, 1969; Mason, 1976) and pe rmi t  h i g h e r  
d e n s i t i e s  of  f r y ,  a c o n d i t i o n  t h a t  h a s  been observed by Murphy and H a l l  
(1981) i n  Oregon c l e a r - c u t s  and Murphy and Koski ( i n  p r e s s )  i n  s o u t h e a s t  
Alaska ( P r i n c e  of Wales I s l a n d )  c l e a r - c u t s .  Experiments by Mason (1976) 
demonstrated t h a t  supp lemen ta l  f e e d i n g  of f r y  i n c r e a s e d  t h e  number and 
biomass of  coho f r y  by 6-7 times t h a t  found i n  n a t u r a l  streams. 
However, he  showed t h a t  t h e  i n c r e a s e d  number of coho d i d  n o t  s u r v i v e  t h e  
w i n t e r  and emig ra t ed  ( d u r i n g  f a l l - w i n t e r  f l o o d s )  due t o  t h e  l a c k  of 
s u i t a b l e  w i n t e r  cove r  r e q u i r e d  t o  s u p p o r t  t h e  p o p u l a t i o n  a t  e l e v a t e d  
l e v e l s .  Mason (1976) concluded t h a t  "a 6-7 f o l d  i n c r e a s e  i n  p o t e n t i a l  
smolt  y i e l d  induced by a supp lemen ta l  f e e d i n g  s t r a t e g y  d u r i n g  t h e  summer 
was n u l l i f i e d  by t h e  n a t u r a l  c a r r y i n g  c a p a c i t y  of t h e  stream o v e r  
w i n t e r . "  T h i s  i s  f u r t h e r  suppor t ed  by f i n d i n g s  t h a t  h a b i t a t  used d u r i n g  
t h e  summer which can s u p p o r t  l a r g e  numbers of f i s h  i s  n o t  n e c e s s a r i l y  
b e n e f i c i a l  d u r i n g  t h e  w i n t e r .  Bus ta rd  and Narver (1975a) show t h a t  
behav io r  of j u v e n i l e  coho salmon changes a t  t h e  o n s e t  of f a l l  and t h a t  
t hey  move deepe r  i n  p o o l s  and t o  r e c e s s e s  provided by LOD. The amount 
and q u a l i t y  of LOD i s  p robab ly  t h e  most c r i t i c a l  f a c t o r  i n  d e t e r m i n i n g  
t h e  s u i t a b i l i t y  of w i n t e r  h a b i t a t ;  H e i f e t z  e t  a l .  ( i n  p r e s s )  showed t h a t  
h a b i t a t  w i t h  LOD w a s  used e x t e n s i v e l y  by w i n t e r i n g  coho and s t e e l h e a d ,  
b u t  t h e  same t y p e  of h a b i t a t  w i t h o u t  LOD w a s  n o t  used.  Thus, t h e  above 
f i n d i n g s  s t r o n g l y  s u g g e s t  t h a t  w i n t e r  h a b i t a t  i s  l i m i t e d  t o  s t r e a m  
s t r u c t u r e s  w i t h  s p e c i f i c  c h a r a c t e r i s t i c s  and t h a t  smol t  y i e l d  i s  
d i r e c t l y  r e l a t e d  t o  t h e  amount and q u a l i t y  of t h e s e  s t r u c t u r e s .  
Furthermore,  though c l e a r - c u t t i n g  may produce an abundance of f r y  d u r i n g  
t h e  summer, t h e r e  i s  no ev idence  t h a t  i n c r e a s e d  f i s h  d e n s i t y  w i l l  
c o n t r i b u t e  t o  smolt  y i e l d  above l e v e l s  d i c t a t e d  by t h e  c a r r y i n g  c a p a c i t y  
of w i n t e r  h a b i t a t .  

E f f e c t s  on Winter S u r v i v a l :  

Winter  s u r v i v a l  of r e a r i n g  sa lmon ids  i s  though t  t o  be  most r e g u l a t e d  by 
t h r e e  env i ronmen ta l  f a c t o r s :  1) f a l l  and w i n t e r  f r e s h e t s ,  2 )  q u a l i t y  of 
w i n t e r  h a b i t a t ,  and 3 )  t empera tu re .  

T s c h a p l i n s k i  and Hartman (1983) r e p o r t e d  t h a t  f a l l  and w i n t e r  f r e s h e t s  
can g r e a t l y  r educe  t h e  abundance of  j u v e n i l e  coho salmon. The t i m i n g  of 
f r e s h e t s  may a l s o  i n f l u e n c e  s u r v i v a l .  E l l i o t t  ( i n  p r e s s )  found t h a t  
f r e s h e t s  i n  October  n o t  o n l y  had l i t t l e  e f f e c t  on t h e  d e n s i t y  of 
j u v e n i l e  Do l ly  Varden, b u t  o f t e n  r e s u l t e d  i n  immigrat ion from mainstream 
s o u r c e s .  F r e s h e t s  of s i m i l a r  magnitude i n  November and December, when 
t h e  water t e m p e r a t u r e  w a s  l ower ,  were d e s t r u c t i v e  and reduced f i s h  
abundance. 
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A d e c r e a s e  i n  stream tempera ture  d u r i n g  f a l l  and w i n t e r  reduces  swimming 
speed ( B r e t t ,  1964). In f a l l ,  j u v e n i l e  coho salmon and s t e e l h e a d  t r o u t  
move deeper  i n t o  p o o l s  and i n t o  c l o s e  a s s o c i a t i o n  w i t h  woody d e b r i s  
(Bustard and Narver ,  1975a) ,  a b e h a v i o r a l  change t h a t  may be a s t r a t e g y  
t o  seek  lower-ve loc i ty  environments and thereby  reduce p o p u l a t i o n  l o s s  
d u r i n g  f r e s h e t s .  T s c h a p l i n s k i  and Hartman (1983) found t h q t  where bank 
h a b i t a t  and woody d e b r i s  were l o s t  a s  a r e s u l t  of streambank logging ,  
t h e r e  w a s  a r e d u c t i o n  i n  j u v e n i l e  coho abundance. 

J u v e n i l e  coho salmon appear  t o  p r e f e r  s p e c i f i c  t y p e s  of w i n t e r  h a b i t a t .  
During t h e  summer months, abundance of coho i s  h i g h l y  c o r r e l a t e d  w i t h  
t h e  volume of p o o l s  i n  t h e  s t ream (Nickelson and H a f e l e ,  1978) ,  bu t  a s  
f a l l  p r o g r e s s e s  they  a r e  found only  i n  p o o l s  w i t h  woody d e b r i s  ( H e i f e t z  
e t  a l . ,  i n  p r e s s ) .  Bustard and Narver (1975b) demonstrated t h a t  when 
coho were g iven  t h e  c h o i c e  between win te r  h a b i t a t  w i t h  and w i t h o u t  woody 
d e b r i s ,  they  chose a r e a s  w i t h  d e b r i s  cover .  I n  l a r g e r  s t r e a m s ,  r o o t  
systems of downed trees may be t h e  only  h a b i t a t  a v a i l a b l e  i n  midchannel 
a r e a s  and t h e y  a r e  used e x t e n s i v e l y ;  l a r g e  numbers of j u v e n i l e  coho have 
been observed crowding among r o o t s  of over turned  trees d u r i n g  f a l l  
months (A. Schmidt, Alaska Department of F i s h  and G a m e ,  p e r s o n a l  
communication). 

Management of s t ream h a b i t a t  by manipula t ing  o r  p r o v i d i n g  d e b r i s  must 
t a k e  i n t o  account  t h e s e  s p e c i f i c  p r e f e r e n c e s .  I n t r o d u c t i o n  of l o g s  t h a t  
through h y d r a u l i c  a c t i o n  of t h e  s t ream w i l l  p rovide  p o o l s ,  may n o t  
s a t i s f y  t h e  " c r e v i c e  behavior"  so  f r e q u e n t l y  observed i n  coho. I n s t e a d ,  
s t r a t e g i e s  should  p r o v i d e  r e l a t i v e l y  dense i n t e r l o c k i n g  material ,  
l o c a t e d  a t  f r e q u e n t  i n t e r v a l s  i n  t h e  s t ream channel ;  many s m a l l  p o o l s  
w i t h  abundant d e b r i s  may be of g r e a t e r  b e n e f i t  t h a n  a few l a r g e  pools  
formed by in t roduced  l o g s .  

Movement of F i s h  i n t o  Refuge H a b i t a t :  

J u v e n i l e s  f r e q u e n t l y  move i n t o  of f -channel  a r e a s  d u r i n g  f a l l  months and 
remain t h e r e  throughout  t h e  w i n t e r .  S i n c e  many of t h e s e  a r e a s  are 
r e l a t i v e l y  low-veloci ty  environments ,  t h i s  may b e  a s t r a t e g y  t o  escape  
f a l l  and w i n t e r  f r e s h e t s .  Skees ick  (1970) found t h a t  j u v e n i l e  coho move 
i n t o  t r i b u t a r i e s  t o  escape  mainstream f l o o d i n g .  In l a r g e r  r i v e r s ,  t h e  
number of f i s h  immigrat ing t o  ponds can b e  c o n s i d e r a b l e  (Cedarholm and 
S c a r l e t t ,  1982; P e t e r s o n ,  1982).  A t  S t a r r i g a v a n  Creek (near  S i t k a ,  
Alaska)  , approximately 300-400 j u v e n i l e  Dol ly  Varden immigrated i n t o  
each t r i b u t a r y  d u r i n g  f a l l  w i t h  t h e  o n s e t  of f r e s h e t s  ( E l l i o t t  and Reed, 
1974; Dinneford and E l l i o t t ,  1975) and recovery  of marked f i s h  i n d i c a t e d  
t h a t  movement of f i s h  w a s  conf ined  t o  about  30% of t h e  j u v e n i l e  coho and 
Dol ly  Varden p o p u l a t i o n s .  I n  s m a l l  s t r e a m s ,  such a s  headwater a r e a s  o r  
streams t h a t  have h i g h - q u a l i t y  w i n t e r i n g  a r e a s ,  f a l l  movement i s  even 
less. Only 16% of t h e  coho p o p u l a t i o n s  a t  Kake Bake Creek moved i n t o  
of f -channel  r e f u g e  h a b i t a t  (where indigenous f i s h  had w i n t e r  s u r v i v a l  
ra tes  exceeding 90%) and f i s h  in t r i b u t a r i e s  less than 1 m i n  width 
remained throughout  t h e  w i n t e r  i n  t h o s e  l o c a t i o n s  and undertook no 
movement. 

The f o r e g o i n g  s u g g e s t s  a r e l a t i o n s h i p  between t h e  amount of movement, 
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u s e  of r e f u g e  h a b i t a t ,  and s i z e  of t h e  o r i g i n  stream. Large r  streams 
have g r e a t e r  d i s c h a r g e  and encourage movement, w h i l e  v e r y  s m a l l  streams 
have r e l a t i v e l y  low d i s c h a r g e  and a l l o w  maximum r e t e n t i o n  r a t e s  of 
i nd igenous  f i s h .  Furthermore,  w i t h  t h e  e x c e p t i o n  of upstream-moving 
j u v e n i l e s ,  t h i s  s u g g e s t s  t h a t  most movement i s  n o t  v o l i t i o n a l , b u t  
i n s t e a d  r e p r e s e n t s  d i sp l acemen t  d u r i n g  f r e s h e t s .  

C o n s t r u c t i o n  of r e f u g e  h a b i t a t ,  such as ponds o r  opening up a c c e s s  t o  
e x i s t i n g  ponds,  h a s  been sugges t ed  as a management s t r a t e g y  t o  improve 
w i n t e r  s u r v i v a l  of j u v e n i l e s .  The above s u g g e s t s  t h a t  r e f u g e  h a b i t a t  i s  
more l i k e l y  t o  be u t i l i z e d  i f  i t  i s  c o n f l u e n t  t o  l a r g e r  streams where 
f i s h  s e e k  r e l i e f  from w i n t e r  f l o o d s .  P r o v i d i n g  a c c e s s  t o  r e f u g e  h a b i t a t  
c o n f l u e n t  t o  smal l  streams o r  t r i b u t a r i e s  would p robab ly  n o t  b e n e f i t  
f i s h  l i v i n g  i n  an area where c o n d i t i o n s  are benign;  however, f i s h  t h a t  
c o l o n i z e  r e f u g e  h a b i t a t  d u r i n g  t h e  summer should en joy  h i g h  s u r v i v a l  
ra tes  d u r i n g  t h e  w i n t e r ,  r e g a r d l e s s  of  l o c a t i o n .  

Sa lvage  Logging i n  Large R i v e r s ;  A S p e c i a l  Case: 

Sa lvage  l o g g i n g  of  downed trees h a s  been p r a c t i c e d  i n t e r m i t t e n t l y  from 
1 9 7 2  t o  1984 on t h e  Chickamin and Unuk R i v e r s  of s o u t h e a s t  Alaska.  
Newly i n t r o d u c e d  trees a r e  c u t  above t h e  r o o t  b o l e  d u r i n g  s p r i n g  low 
w a t e r  p e r i o d s  and al lowed t o  f l o a t  downstream w i t h  r i s i n g  s t re3mflow 
d u r i n g  t h e  summer. The l o g s  ground o u t  on t h e  t i d e  f l a t s  where t h e y  are 
c o l l e c t e d .  

Sa lvage  l o g g e r s  g e n e r a l l y  se lec t  t h e  l a r g e s t  (most commercially 
v a l u a b l e )  t rees ,  u s u a l l y  g r e a t e r  t h a n  2 f e e t  i n  d i a m e t e r  a t  t h e  b u t t ,  
and seldom h a r v e s t  smaller t rees .  Woody d e b r i s  i n  t h e s e  r i v e r s ,  
e s p e c i a l l y  l a r g e r  m a t e r i a l ,  p r o v i d e s  s i g n i f i c a n t  midstream and 
of f -channel  h a b i t a t  f o r  j u v e c i l e  chinook and coho salmon, and s a l v a g e  
l o g g i n g ,  as p r e s e n t l y  p r a c t i c e d ,  may s e r i o u s l y  r educe  t h e  c a r r y i n g  
c a p a c i t y  of  t h e s e  r i v e r s .  

Sa lvage  l o g g e r s  s e l e c t i v e l y  remove t h e  l a r g e s t  t rees ,  which are more 
permanent f e a t u r e s  of t h e  r i v e r ' s  h a b i t a t .  Large trees are n o t  e a s i l y  
moved by h i g h  s t reamflow; smaller trees are more e a s i l y  f l o a t e d  and are 
q u i c k l y  swept downstream. A s  i n  s m a l l  streams, h y d r a u l i c  a c t i o n  around 
grounded trees e i t h e r  i n  s i n g l e  o r  a g g r e g a t e  form s c o u r s  p o o l s  and 
p r o v i d e s  low-ve loc i ty  environments  t h a t  form t h e  o n l y  h a b i t a t  a v a i l a b l e  
f o r  j u v e n i l e s .  I n  o t h e r  areas of  t h e  r i v e r ,  s t r eamf low i s  t o o  g r e a t  f o r  
s u c c e s s f u l  r e a r i n g .  

It h a s  been argued t h a t  r o o t  b o l e s  from c u t  t rees  can p r o v i d e  adequa te  
cove r  f o r  j u v e n i l e s .  However, o b s e r v e r s  have found t h a t  r o o t  b o l e s  are 
t o o  s m a l l  t o  remain w i t h i n  t h e  channe l  d u r i n g  h i g h e r  s t r eamf low and are 
more mobile;  because  of  t h e i r  m o b i l i t y  t h e y  seldom remain long  enough t o  
form poo l  h a b i t a t .  

I n  p a s t  y e a r s ,  s a l v a g e  l o g g e r s  have removed 100-120 t rees  from each 
r i v e r  a n n u a l l y .  T h i s  i s  p robab ly  a h a r v e s t  l e v e l  f a r  i n  e x c e s s  of t h e  
n a t u r a l  r e c r u i t m e n t  ra te .  Between March 1984 and March 1985, o n l y  t h r e e  
new trees were added t o  t h e  Unuk R ive r  ( P a u l  K i s s n e r ,  p e r s .  comm.). 
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Land managers have e s t i m a t e d  t h a t  t h e  annual  r e c r u i t m e n t  r a t e  f o r  t h e  
Unuk River  i s  approximately 500 t r e e s .  T h i s  e s t i m a t e ,  made on poor 
d a t a ,  i s  t o o  h i g h ;  a t  t h a t  annual  r e c r u i t m e n t  r a t e  t h e r e  would be few 
t rees  remaining i n  e i t h e r  t h e  Chickamin o r  Unuk River  v a l l e y s .  

Salvage logging ,  a s  c u r r e n t l y  p r a c t i c e d ,  may be t h e  most d e s t r u c t i v e  
form of t imber  h a r v e s t  i n  s o u t h e a s t  Alaska; i t  i s  n o t  logging  p e r  se ,  
b u t  t h e  removal of f i s h  h a b i t a t .  Continued removal of t h e  l o g s  from t h e  
Chickamin and Unuk R i v e r s  w i l l  have t h e  obvious and p r e d i c t a b l e  e f f e c t  
of reducing  t h e  c a r r y i n g  c a p a c i t y  f o r  j u v e n i l e  chinook and coho salmon 
( i f  i t  h a s  n o t  done so a l r e a d y )  and w i l l  impair  t h e  f r e s h w a t e r  s u c c e s s  
of t h o s e  s t o c k s .  

Allochthonous Energy Sources:  

I n  f o r e s t e d  s t r e a m s ,  where t h e r e  i s  l i t t l e  s u n l i g h t ,  energy e n t e r s  
a q u a t i c  communities through a l lochthonous  l i t t e r  f a l l  i n  t h e  form of 
l e a v e s ,  t w i g s ,  n e e d l e s ,  e tc .  and provides  a s o u r c e  of carbon,  n i t r o g e n ,  
and o t h e r  n u t r i e n t s .  Organic  p a r t i c u l a t e s  a r e  consumed by a q u a t i c  
organisms,  which i n  t u r n  a r e  consumed by j u v e n i l e  salmonids a s  food. 
T h i s  p r o c e s s  o c c u r s  t o  a g r e a t e r  degree  i n  headwater s e c t i o n s  of streams 
where l i g h t  p e n e t r a t i o n  i s  poor ,  bu t  i n  downstream s e c t i o n s  of a s t ream,  
where t h e  canopy p e r m i t s  g r e a t e r  amounts of l i g h t ,  s t ream communities 
u t i l i z e  a m i x t u r e  of a u t o t r o p h i c  and h e t e r o t r o p h i c  energy pathways. 
Energy i s  accumulated v i a  p h o t o s y n t h e t i c  p r o c e s s e s  and by g a t h e r i n g  f i n e  
p a r t i c u l a t e  d e t r i t u s  t r a n s p o r t e d  downstream from headwater s e c t i o n s .  

C l e a r - c u t t i n g  induces  a f u n c t i o n a l  s h i f t  i n  t h e  s e n s e  of t h e  S t r e a m  
Continuum Concept (Vannote e t  a l . ,  1980) by changing t h e  e c o l o g i c a l  
f u n c t i o n  of upstream s e c t i o n s  t o  t h a t  which i s  more r e p r e s e n t a t i v e  of 
downstream s e c t i o n s .  T h i s  s h i f t  of f u n c t i o n  i n  an upstream d i r e c t i o n  
o c c u r s  w i t h o u t  t h e  b e n e f i t  o f  upstream carbon i n p u t  and could a f f e c t  t h e  
d i v e r s i t y  of a q u a t i c  communities and t h e i r  f u n c t i o n s .  It i s  n o t  known 
how t h e s e  e f f e c t s  w i l l  impact f i s h  communities, b u t  i t  i s  presumed t h a t  
f u n c t i o n  w i l l  r e t u r n  t o  normal when t h e  second-growth f o r e s t s  develop 
a long  t h e  stream margins .  

Ins t ream Woody Debr is :  Long-Term Aspects  

Woody d e b r i s  from f o r e s t  s o u r c e s  i s  a c r i t i c a l  f e a t u r e  of stream h a b i t a t  
i n  c o a s t a l  Alaska and p r o v i d e s  f o r a g i n g  and r e f u g e  si tes f o r  j u v e n i l e s  
d u r i n g  summer and p r o t e c t i o n  a g a i n s t  f l o o d s  d u r i n g  w i n t e r .  LOD forms up 
t o  70% of t h e  h a b i t a t  used by j u v e n i l e s .  Long-term changes may occur  i n  
t h e  q u a l i t y  and q u a n t i t y  of LOD and LOD-formed h a b i t a t  a f t e r  
c l e a r - c u t  t i n g . 
N a t u r a l  s t r e a m  p r o c e s s e s ,  such  as mechanical  a b r a s i o n ,  b i o l o g i c a l  
a c t i v i t y ,  and e s p e c i a l l y  f l o o d s ,  g r a d u a l l y  reduce and t r a n s p o r t  woody 
d e b r i s  downstream. I n  f o r e s t e d  streams, t h e  downstream t r a n s p o r t  and 
replacement  from t h e  f o r e s t  through windthrow, e tc .  i s  a cont inuous  
c y c l e  and debris-formed h a b i t a t  remains a t  r e l a t i v e l y  c o n s t a n t  l e v e l s  
o v e r  t i m e .  But where streams have been c l e a r - c u t ,  t h e  s o u r c e  of d e b r i s  
i s  e l i m i n a t e d  and s t r e a m  p r o c e s s e s ,  u n i n t e r r u p t e d ,  w i l l  c o n t i n u e  t o  
remove d e b r i s  b u t  do so  w i t h o u t  replacement .  
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Swanson and Lienkaemper (1978) ,  u s i n g  d a t a  from o l d  f o r e s t  f i r e s ,  
e s t i m a t e d  t h a t  d e b r i s  g r a d u a l l y  d i s a p p e a r s  from streams and a f t e r  110 
y e a r s  i n s t r e a m  d e b r i s  i s  50% of i t s  former l e v e l s .  Second-growth 
f o r e s t s  beg in  t o  c o n t r i b u t e  d e b r i s  a t  about  110 y e a r s  and d e b r i s  l o a d i n g  
i s  e s t i m a t e d  t o  r e t u r n  t o  n a t u r a l  l e v e l s  by 150+ y e a r s  a f t e r  sou rce  
removal. S e d e l l  and T r i s k a  (1977)  r e p o r t  t h a t  d e b r i s  accumulat ion i n  
s t r e a m s  i s  even s lower .  They found t h a t  accumulat ion of d e b r i s  i s  
a sympto t i c  and r e q u i r e s  about  450 y e a r s  t o  r e c o v e r  t o  n a t u r a l  l e v e l s  i n  
s t r e a m s  where a l l  n a t i v e  m a t e r i a l  was removed. 

The r a t e  a t  which s t r e a m  p r o c e s s e s  remove d e b r i s  i s  unknown. Decay and 
removal r a t e s  i n  f r e s h  water appear  t o  be v e r y  s l o w  because of low 
b i o l o g i c a l  a c t i v i t y .  Even on l a n d ,  where decay ra tes  are more r a p i d ,  
downed l o g s  can l a s t  from 100 t o  200 y e a r s  and l a r g e  l o g s  can l a s t  f o r  
o v e r  450 y e a r s .  I n  streams, t h e  r a t e  of removal probably depends on 
stream d i s c h a r g e ;  material  may be v e r y  p e r s i s t e n t  i n  small  streams b u t  
temporary i n  l a r g e  streams and r i v e r s .  

Rearing sa lmon ids  are  s t r o n g l y  a s s o c i a t e d  w i t h  LOD and LOD-formed 
h a b i t a t .  T h i s  r e l a t i o n s h i p  p e r m i t s  t h e  c a l c u l a t i o n  of t h e  d e n s i t y  of 
j u v e n i l e s  p e r  volume of LOD w i t h  f a i r  accu racy .  Assuming a maximum of 
50% l o s s  of LOD i n  t h e  f i r s t  110 y e a r s  a f t e r  c l e a r - c u t t i n g ,  e q u a t i o n s  
developed by E l l i o t t  (unpubl ished d a t a )  p r e d i c t  a l o s s  of about  30% 
c a r r y i n g  c a p a c i t y  f o r  j u v e n i l e  coho salmon d u r i n g  t h e  summer. S i n c e  
j u v e n i l e s  a r e  even more s t r o n g l y  a s s o c i a t e d  w i t h  LOD d u r i n g  w i n t e r  
( H e i f e t z  e t  a l . ,  i n  p r e s s ) ,  t h e  t o t a l  l o s s  i n  annua l  c a r r y i n g  c a p a c i t y  
could be  as h i g h  as 50%. 

S t r eams ide  l o g g i n g  a t  C a r n a t i o n  Creek h a s  l e d  t o  g r a d u a l  and 
a c c e l e r a t i n g  changes i n  stream morphometry caused by bank e r o s i o n  and 
c h a n n e l i z a t i o n  due t o  t h e  c u t t i n g  of s t r e a m s i d e  t rees  and from d e b r i s  
t r a n s p o r t  caused by g e n e r a l  l o g g i n g  t e c h n i q u e s .  These f a c t o r s  may cause  
con t inued  d e g r a d a t i o n  of  h a b i t a t  q u a l i t y  which w i l l  e v e n t u a l l y  
compromise o v e r w i n t e r  s u r v i v a l  (Holtby and Hartman, 1982) and may 
unde rcu t  i n c r e a s e s  i n  summer p r o d u c t i o n  (Mason, 1976).  

I f  l e f t  t o  themselves  a f t e r  c l e a r - c u t t i n g ,  streams may, i n  t i m e ,  
g r a d u a l l y  r e p a i r  themselves .  However , by 110-150 y e a r s  a f t e r  t h e  f i r s t  
c u t t i n g ,  t h e  f o r e s t  w i l l  a g a i n  be  r eady  f o r  h a r v e s t .  T h i s  w i l l  occu r  a t  
a t i m e  when i n s t r e a m  d e b r i s  may n o t  have r ecove red  s u f f i c i e n t l y  t o  
s u p p o r t  optimum d e n s i t i e s  of j u v e n i l e s .  The r e s u l t  of  t h i s  s c e n a r i o  i s  
a g r a d u a l  and pe rhaps  permanent d e b i l i t a t i o n  of stream h a b i t a t  and a 
d e c r e a s e  i n  t h e  y i e l d  of salmonid smol t .  

B u f f e r  Zones: 

B u f f e r  zones have long  been advocated as a management s t r a t e g y  t o  
p r e s e r v e  t h e  c h a r a c t e r  of stream environments  d u r i n g  and a f t e r  l ogg ing .  
B u f f e r s  p r o v i d e  shade ,  which as s e e n  i n  t h e  p r e c e d i n g ,  p r e v e n t s  
i n c r e a s e s  i n  water t e m p e r a t u r e  d u r i n g  summer months. S t r eams ide  canopy 
i s  a l s o  though t ,  i n  some c a s e s ,  t o  moderate  w i n t e r  low-temperature 
extremes, a l t h o u g h  t h e  mechanisms are p o o r l y  unde r s tood  and e x i s t i n g  
data  inconc lus ive ,  Buffer  zones prevent  sedimentat ion by preserv ing  and  
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m a i n t a i n i n g  s t reambanks,  t h e r e b y  p r e v e n t i n g  t h e  d e s t r u c t i o n  o r  
a l t e r a t i o n  of  s t r e a m  ben thos  communities (Newbold e t  a l . ,  1980; Culp and 
Dav ies ,  1983) and r educ ing  sed imen t - r e l a t ed  m o r t a l i t y  of i n c u b a t i n g  
salmon eggs and a l e v i n s  ( S c r i v e n e r  and Brownlee, 1982; Holtby and 
Hartman, 1982) .  

F i n a l l y ,  b u f f e r  zones can p r o v i d e  overhead cove r  f o r  r e a r i n g  j u v e n i l e s ,  
p r o v i d e  energy v i a  a l l o c h t h o n o u s  d e t r i t u s , p r o v i d e  food through 
t e r r e s t r i a l  i n s e c t  c o n t r i b u t i o n ,  and most i m p o r t a n t l y ,  p r o v i d e  a s o u r c e  
of l a r g e  woody d e b r i s  needed t o  s t a b i l i z e  s t reambanks and p r o v i d e  
in - s t r eam h a b i t a t  s t r u c t u r e s  (Meehan e t  a l . ,  1977) f o r  summer and w i n t e r  
r e a r i n g .  

Murphy and Koski ( i n  p r e s s )  showed t h a t  b u f f e r  zones i n  S o u t h e a s t  had 
t h e  h i g h e s t  d e n s i t y  of j u v e n i l e  coho salmon d u r i n g  summer and w i n t e r  
compared t o  f o r e s t e d  and c l e a r - c u t  s t r eams .  They concluded t h a t  b u f f e r  
zones  p r o v i d e  i n c r e a s e d  l i g h t  p e n e t r a t i o n ,  promoting pr imary and 
secondary p r o d u c t i v i t y ,  w h i l e  maint  s i n i n g  h a b i t a t  q u a l i t y  a t  optimum 
l e v e l s .  

Management s t r s t e g i e s  such  as f e l l i n g  t imber  i n t o  s t r e a m s  t o  p r o v i d e  
long-term volumes of d e b r i s  f o r  h a b i t a t  fo rma t ion  have been sugges t ed  by 
managers.  However, r e s e a r c h  and o b s e r v a t i o n s  s u g g e s t  t h a t  t h i s  mater ia l  
may be  of l i m i t e d  u s e  t o  j u v e n i l e s  and may become u n s t a b l e  d u r i n g  
f r e s h e t s .  These t e c h n i q u e s  are u t i l i z e d  i n  Oregon and Washington, b u t  
have n o t  always been s u c c e s s f u l .  Continued r e s e a r c h  on a p p r o p r i a t e  
t y p e s  of d e b r i s  and d e b r i s  l o a d i n g  would be b e n e f i c i a l  b e f o r e  t h e  
c o n c e p t s  a r e  a p p l i e d  in t h e  f i e l d .  

A comparison of t h e s e  two s t r a t e g i e s  w i l l  show t h a t  b u f f e r  zones are n o t  
o n l y  i n e x p e n s i v e  r e l a t i v e  t o  a c t i v e  management, b u t  a r e  c e r t a i n l y  more 
e f f e c t i v e  i n  p r o t e c t i n g  t h e  stream environment ,  They a r e  a lmost  a 
panacea.  U n f o r t u n a t e l y ,  t h e y  a r e  f r e q u e n t l y  s u b j e c t  t o  wind damage. 
Even s o ,  mass e n t r y  of windthrown trees i n t o  streams i s  n o t  n e c e s s a r i l y  
a problem, a s  windthrown t a n g l e s  of d e b r i s  p r o v i d e  e x c e l l e n t  w i n t e r i n g  
h a b i t a t ,  a l b e i t  temporary i n  l a r g e r  channe l s .  

No i n v e s t i g a t i o n  h a s  been conducted i n  S o u t h e a s t  t o  e s t a b l i s h  d e s i g n  
i n d i c e s  f o r  b u f f e r  zones.  Cons ide r ing  t h e  v a l u e  of t h i s  management 
t e c h n i q u e ,  r e s e a r c h  on b u f f e r  zones would be  a f r u i t f u l  area of 
r e s e a r c h . 

CONCLUSIONS 


Throughout t h e  p reced ing  t e x t ,  f i n d i n g s  from d i f f e r e n t  s t u d i e s  would 
s u g g e s t  t h a t  c o n s i d e r a b l e  c o n t r a d i c t i o n  o r  i n c o n s i s t e n c y  o c c u r s  in t h e i r  
r e s u l t s .  I n c o n s i s t e n c y ,  however, a p p e a r s  t o  be a p e r c e p t i o n ;  a l l  of 
t h e s e  phenomena are w e l l  documented w i t h  we l l - suppor t ed  c o n c l u s i o n s  and,  
as such ,  i l l u s t r a t e  t h e  wide v a r i a t i o n  i n  b i o t i c  r e sponse  t h a t  can be  
expec ted  t o  occur  from such a complex and v a r i e d  s e t  of f a c t o r s  t h a t  i s  
t y p i c a l  of l o g g i n g  e f f e c t s .  Fu r the rmore ,  t h a t  some f a c t o r s  have n o t  
caused an observed e f f e c t  on S o u t h e a s t  salmonids does n o t  imply t h a t  
t h e s e  impac t s  are a b s e n t .  
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S t u d i e s  o u t s i d e  t h e  r e g i o n  have documented t h a t  l o g g i n g  does indeed 
a f f e c t  salmonid p o p u l a t i o n s ;  t h u s ,  t h e r e  i s  a h i g h  p r o b a b i l i t y  t h a t  
s t o c k s  i n  Alaska are  s i m i l a r l y  a f f e c t e d .  The i n a b i l i t y  t o  d e t e c t  
l ogg ing  e f f e c t s  i n  s o u t h e a s t  Alaska may simply be due t o  a l a c k  of 
adequa te  r e s e a r c h ,  Inadequa te  r e s e a r c h  i s  d e f i n e d  as e i t h e r  t h e  
complete  absence of r e s e a r c h ,  l a c k  of s o p h i s t i c a t i o n  needed t o  d e t e c t  
complex e f f e c t s ,  poor  s t a t i s t i c a l  d e s i g n ,  o r  programs t h a t  a r e  t o o  s h o r t  
term t o  d e t e c t  e f f e c t s  r e l a t e d  t o  extremes i n  c l i m a t i c  c o n d i t i o n s .  

F ind ings  on t h e  major e f f e c t s  of  l o g g i n g  w i t h  r e f e r e n c e  t o  S o u t h e a s t  a r e  
i t emiz ed be  low : 

Streamflow: 

1) 	 Streamflow g e n e r a l l y  i n c r e a s e s  a f t e r  l ogg ing .  V a r i a t i o n  i n  
s t reamflow between wa te r sheds  a f t e r  l ogg ing  a p p e a r s  t o  be  due t o  
t h e  amount of a r e a  h a r v e s t e d  and t h e  amount of r o a d s .  

- I n c r e a s e d  s t reamflow may i n c r e a s e  t h e  amount of r e a r i n g  a r e a  and 
i n c r e a s e  t h e  p r o d u c t i o n  of r e a r i n g  salmonids.  

- I n c r e a s e d  s t reamflow may i n c r e a s e  bank e r o s i o n  and s e d i m e n t a t i o n  
c a u s i n g  lower egg-fry s u r v i v a l .  

- I n c r e a s e d  f low may e x a c e r b a t e  s e d i m e n t a t i o n  by s h i f t i n g  a l r e a d y  
d e s t a b i l i z e d  woody d e b r i s .  

2 )  	 Second growth may cause  a r e d u c t i o n  i n  s t reamflow r e l a t i v e  t o  
p re - logg ing  f low regimes.  

- Decressed f low cou ld  r educe  rear ing-salmonid c a r r y i n g  c a p a c i t y  by 
r educ ing  r e a r i n g  area. 

- Decreased f low cou ld  r e s u l t  i n  w a r m e r  water,  though t h i s  may b e  
o f f s e t  by improved shad ing .  

- Decreased f low may i n c r e a s e  t h e  f r equency  of a d u l t  "die-of f s" 
d u r i n g  midsummer drought  c o n d i t i o n s .  

Temperature : 

Temperature  i n c r e a s e s  i n  p r o p o r t i o n  t o  t h e  amount of s t r e a m s i d e  canopy 
removal.  Temperature shou ld  r e v e r t  t o  normal regimes when second-growth 
canopy deve lops  t o  a h e i g h t  c a p a b l e  of shad ing  t h e  s t r eam.  

I n c r e a s e d  t empera tu re  can p e r s i s t  through t h e  w i n t e r  and s h o r t e n  t h e  
development t i m e  of i n c u b a t i n g  salmon eggs and a l e v i n s ,  c a u s i n g  ear l ier  
emergence. Early-emerging p i n k  and chum salmon f r y  may e n t e r  t h e  
e s t u a r y  p r i o r  t o  s p r i n g  blooms of mar ine  p l a n k t o n  and e x p e r i e n c e  a food 
s h o r t a g e .  Early-emerging coho and o t h e r  r e a r i n g  s p e c i e s  e n t e r  streams 
a t  a t i m e  when f l o o d s  are more common and may be  swept downstream and 
l o s t  t o  t h e  system, c a u s i n g  reduced r e a r i n g  d e n s i t y .  E leva ted  pr imary 
p r o d u c t i v i t y  and l o n g e r  growing s e a s o n  r e s u l t s  i n  h i g h e r  growth rates 
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and l a r g e r  f i s h .  L a r g e r  f i s h  have g r e a t e r  summer and w i n t e r  s u r v i v a l  
r a t e s ,  y i e l d i n g  more s m o l t s  of l a r g e r  s i z e ,  which i n c r e a s e s  a d u l t  
r e t u r n .  These e f f e c t s  are s h o r t - l i v e d ;  second growth shou ld  r educe  
t e m p e r a t u r e s  t o  pre- logging l e v e l s  15-20 y e a r s  a f t e r  c u t t i n g .  

The t iming  of  p ink  salmon r u n s  i s  c o r r e l a t e d  w i t h  stream tempera tu re .  
Changes i n  watershed t empera tu re  cou ld  i n h i b i t  upstream m i g r a t i o n  of 
a d u l t  p i n k ,  chum, and coho salmon. 

Sed imen ta t ion :  

Sed imen ta t ion  can i n c r e a s e  ove r  n a t u r a l  l e v e l s  as a r e s u l t  of 
c a t a s t r o p h i c  i n c i d e n c e s  a t t r i b u t a b l e  t o  human e r r o r ,  poor p l a n n i n g ,  o r  
improper d e s i g n  and l a y o u t .  Chronic  s e d i m e n t a t i o n  can occur  as a r e s u l t  
of  i n c r e a s e d  s t reamflow and a c c e l e r a t e d  e r o s i o n ,  bank d e s t r u c t i o n ,  
d e s t a b i l i z a t i o n  of midstream woody d e b r i s ,  d e s t a b i l i z a t i o n  o r  l o s s  of 
d e b r i s  t h a t  anchor s  s t r e a m  banks ,  and t h e  d e a t h  of t ree  r o o t s  t h a t  
s u p p o r t  o r  s t r e n g t h e n  s t r e a m  banks,  

- s e d i m e n t a t i o n  d e c r e a s e s  egg-fry s u r v i v a l  of salmonids.  

- I n t e n s e  p u l s e s  of sediment  a f f e c t  r e a r i n g  salmonid b e h a v i o r  and 
d e c r e a s e  f e e d i n g  and growth ra te .  

- Sed imen ta t ion  can r educe  r e a r i n g  area by f i l l i n g  p o o l s .  

- Sed imen ta t ion  can r educe  ben thos  d i v e r s i t y  and abundance. 

- I f  s o u r c e s  of s e d i m e n t a t i o n  a r e  a r r e s t e d ,  most f i n e s  are f l u s h e d  from 
t h e  system d u r i n g  f r e s h e t s  and are u s u a l l y  removed w i t h i n  1 y e a r .  

- St reams ide  l o g g i n g  l e a d s  t o  g r a d u a l ,  b u t  a c c e l e r a t i n g ,  changes i n  
stream morphology w i t h  i n c r e a s i n g  rates of s e d i m e n t a t i o n  and bedload 
movement and h a s  been i m p l i c a t e d  i n  d e c l i n i n g  egg-fry s u r v i v a l  a t  
C a r n a t i o n  Creek. 

L i g h t  Leve l s  and N u t r i e n t s :  

S o l a r  p e n e t r a t i o n  i n c r e a s e s  w i t h  t imber  canopy removal and ,  i n  
c o n j u n c t i o n  w i t h  i n c r e a s e d  t e m p e r a t u r e  and n u t r i e n t s ,  l e a d s  t o  i n c r e a s e d  
p r imary  p r o d u c t i o n ,  ben thos  p r o d u c t i o n ,  and (where n u t r i e n t s  are  
abundant)  d e n s i t y  of coho f r y  d u r i n g  summer. 

Changes i n  stream p r o d u c t i v i t y  are presumed t o  b e ,  i n  p a r t ,  r e s p o n s i b l e  
f o r  h i g h e r  growth ra tes  and ea r l i e r  smolt  age of j u v e n i l e  coho salmon. 
I n c r e a s e d  p r o d u c t i o n  i n  some s t u d i e s  h a s  been n u l l i f i e d  by t h e  w i n t e r  
c a r r y i n g  c a p a c i t y ,  which i s  r e g u l a t e d  by t h e  amount of w i n t e r  h a b i t a t .  

S t r e a m  H a b i t a t . S t r u c t u r e s :  

I n  c o a s t a l  f o r e s t  streams, h a b i t a t  i s  formed by t h e  i n f l u e n c e  of 
streambank c o n i f e r s  and t h e  i n t r o d u c t i o n  and i n c o r p o r a t i o n  of l a r g e  
woody d e b r i s .  Woody d e b r i s  and t h e  low-veloci ty  c o n d i t i o n s  i t  creates 
a r e  e s s e n t i a l  f o r  optimum r e a r i n g  p r o d u c t i o n .  
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Logging can ove r load  s t r eams  w i t h  i n t r o d u c e d  d e b r i s .  I n  l a r g e  streams, 
d e b r i s  i s  t r a n s p o r t e d  downstream where i t  can d i s l o d g e  n a t u r a l  
accumula t ions  and cause  channe l  m o d i f i c a t i o n  and s e d i m e n t a t i o n .  D e b r i s  
i n  l a r g e  s t r e a m s  g e n e r a l l y  does n o t  c r e a t e  b a r r i e r s  t o  upstream 
m i g r a n t s ;  s t r e a m s  s c o u r  pas sages  under  o r  around l a r g e  jams. 

I n  s m a l l  s t r e a m s ,  d e b r i s  remains i n  p l a c e .  F r e s h  g reen  m a t e r i a l  can 
p o t e n t i a l l y  cause  a d e c r e a s e  i n  d i s s o l v e d  oxygen and i t s  l e a c h a t e s  can 
c r e a t e  c o n d i t i o n s  t o x i c  t o  f i s h .  S l a s h  i n  s m a l l  s t r eams  i s  dense and 
i n t e r l o c k e d  and can c r e a t e  b a r r i e r s  t o  upstream migran t  a d u l t s .  

D e n s e  l ogg ing  d e b r i s  l o s e s  most of i t s  l e a c h a t e s  a f t e r  1 y e a r  and does 
n o t  c o n s t i t u t e  a water q u a l i t y  problem t h e r e a f t e r .  Dense accumula t ions  
do n o t  i n h i b i t  rear ing-salmonid p r o d u c t i o n ;  i n  some cases, p r o d u c t i o n  
may a c t u a l l y  be  i n c r e a s e d  by p r o v i d i n g  g r e a t e r  amounts of cove r .  

Over-zealous c l e a r a n c e  of l o g g i n g  s l a s h  o f t e n  removes n a t u r a l  a s  w e l l  as  
i n t r o d u c e d  mater ia l .  Removal of t o o  much d e b r i s  d e p r i v e s  j u v e n i l e s  of 
cove r  and p o p u l a t i o n s  can be s e r i o u s l y  reduced d u r i n g  f a l l  f r e s h e t s .  
P o p u l a t i o n s  remain u n s t a b l e  f o r  y e a r s  a f t e r w a r d  u n t i l  stream h a b i t a t  i s  
r e h a b i l i t a t e d .  

Loss  o r  d e s t a b i l i z a t i o n  of midstream woody d e b r i s ,  d i s t u r b a n c e  of d e b r i s  
t h a t  anchor s  stream banks,  o r  d e a t h  of tree r o o t s  t h a t  s u p p o r t  bank 
s t r u c t u r e s  can r educe  t h e  amount of h i g h - q u a l i t y  r e a r i n g  h a b i t a t .  T h i s  
r educes  summer and w i n t e r  c a r r y i n g  c a p a c i t y  and may a f f e c t  smolt  y i e l d .  
Losses  i n  smolt  y i e l d  r e s u l t i n g  from h a b i t a t  d e g r a d a t i o n  may n u l l i f y  
i n c r e a s e s  i n  summer p r o d u c t i v i t y  o r ,  i n  c o n j u n c t i o n  w i t h  s e v e r e  w i n t e r s ,  
may c a u s e  a n e t  l o s s  of smolt  r e l a t i v e  t o  pre- logging l e v e l s .  

Long-term e f f e c t s  on h a b i t a t  q u a l i t y  may r e s u l t  from s t r e a m  
d e s t a b i l i z a t i o n  a s  observed i n  Carna t ion  Creek and from l a c k  of 
r e c r u i t m e n t  of woody d e b r i s  upon removal of s t r e a m s i d e  t imber .  Data 
s u g g e s t  a 30-50% d e c r e a s e  i n  c a r r y i n g  c a p a c i t y  o c c u r s  80 y e a r s  a f t e r  
i n i t i a l  c u t t i n g  of s t r e a m s i d e  c o n i f e r s .  

76 




LITERATURE CITED 

A l d e r d i c e ,  D.  F . ,  W.  P .  Wicket t  and J .  R .  B re t t .  1958. Some e f f e c t s  of 
temporary exposure t o  low d i s s o l v e d  oxygen l e v e l s  on P a c i f i c  salmon 
eggs.  J .  F i s h .  Res. Board Can. 15(2):?29-250. 

Anderson, H.  W .  1971. R e l a t i v e  c o n t r i b u t i o n  of sediment from s o u r c e  
a r e a s  and t r a n s p o r t  p r o c e s s e s .  Pages 55-63 i n  J .  T .  Kryg ie r  and-
J .  D.  H a l l ,  e d s .  P roceed ings  of a symposium; f o r e s t  l and  u s e s  and 
s t r e a m  environment .  Oregon S t a t e  U n i v e r s i t y ,  C o r v a l l i s .  

Bachman, R .  A.  1982. A growth model f o r  d r i f t  f e e d i n g  salmonids:  a 
s e l e c t i v e  p r e s s u r e  f o r  m i g r a t i o n .  Pages 128-135 i n  E.  L .  Brannon 
and E.  0. S a l o ,  e d s .  P roceed ings  of salmon a n d t r o u t  m i g r a t o r y  
b e h a v i o r  symposium. U n i v e r s i t y  of Washington, S e a t t l e .  

Bachman, R.  A. 1984. Foraging b e h a v i o r  of f r e e - r a n g i n g  w i l d  and 
h a t c h e r y  brown t r o u t  i n  a s t r e a m ,  Trans.  h e r .  F i s h .  Soc. 
113:1-32. 

Bachman, R .  W .  1958. The ecology of f o u r  n o r t h  Idaho t r o u t  s t r e a m s  
w i t h  r e f e r e n c e  t o  t h e  i n f l u e n c e  of f o r e s t  road c o n s t r u c t i o n .  M.S. 
t h e s i s ,  U n i v e r s i t y  of Idaho ,  Moscow. 97 pp. 

Baldwin, N .  S .  1956. Food consumption and growth of brook t r o u t  a t  
d i f f e r e n t  t e m p e r a t u r e s .  T rans .  Amer. F i s h .  SOC. 86~323-328 .  

B a x t e r ,  G.  1961. R ive r  u t i l i z a t i o n  and t h e  p r e s e r v a t i o n  of m i g r a t o r y  
f i s h  l i f e .  P roc .  I n s t i t .  Civ. Eng. 18:225-244. 

Berg,  L. 1982. The e f f e c t  of exposure  t o  sho r t - t e rm p u l s e s  of 
suspended s e d i m e n t a t i o n  on t h e  b e h a v i o r  of j u v e n i l e  salmonids.  
Pages 177-197 i n  G. F. Hartman, ed.  P roceed ings  of t h e  C a r n a t i o n  
Creek w o r k s h o p r a  t e n  y e a r  review.  February 24-26, 1982. Malas-
p i n a  C o l l e g e ,  Nanaimo, B r i t i s h  Columbia. 

Benda, R. S .  1983. S lope  f a i l u r e ,  f i n e  sed imen t s ,  and pre-emergent 
a l e v i n l e g g  pumping a t  U.S. Borax Quar t z  H i l l  mining development 
p r o j e c t .  American F i s h e r i e s  S o c i e t y  Annual Meet ing,  Alaska Chap-
t e r ,  Nov. 14 ,  1983, S o l d o t n a ,  Alaska.  

Be rnd t ,  H .  W. and G. W .  Swank. 1970. F o r e s t  l a n d  u s e  and s t r eamf low i n  
C e n t r a l  Oregon. USDA F o r e s t  S e r v i c e  Res. Pap. PNW-93. Pac.  NW 
For.  and Ran. Exp. S t a . ,  P o r t l a n d ,  Oregon. 15 pp. 

B e r r y ,  J. D. 1974. Modeling t h e  impact of l o g g i n g  d e b r i s  on t h e  
d i s s o l v e d  oxygen b a l a n c e  of s m a l l  mountain s t r e a m s .  M a s t e r ' s  
t h e s i s ,  Oregon S t a t e  U n i v e r s i t y ,  C o r v a l l i s .  

7 7  



Bishop ,  D .  M.  and M. E .  S t e v e n s .  1964. L a n d s l i d e s  on logged  a r e a s  i n  
S o u t h e a s t  A laska .  U.S.D.A. F o r e s t  S e r v i c e  Res. Pap.  NOR-1. 
N o r t h e r n  F o r e s t  Exper iment  S t a t i o n ,  Juneau ,  A laska .  18 pp .  

B j o r n n ,  T .  C .  1969. Embryo s u r v i v a l  and emergence s t u d i e s .  Idaho  F i s h  
and Game Dep t .  F e d e r a l  Aid i n  F i s h  and W i l d l i f e  R e s t o r a t i o n ,  P r o j .  
F-49-R-7, J o b  N O .  5 .  11 pp. 

E j o r n n ,  T .  C . ,  M. A .  Brusven ,  M. P. Molnau, J. H .  M i l l i g a n ,  R .  A. Klamt,  
E .  Chacho and C .  Schaye.  1977.  T r a n s p o r t  of g r a n i t i c  s ed imen t  i n  
s t r e a m s  and i t s  e f f e c t s  on i n s e c t s  and f i s h .  Fo r .  W i l d l i f e  and 
Range Exp. S t a . ,  Comple t ion  Rep., Water  Resources  Res. I n s t .  P r o j .  
B-036-IDAY U n i v e r s i t y  of I d a h o ,  Moscow, Idaho .  43  pp .  

B l a c k e t t ,  R .  F. 1968. Spawning b e h a v i o r ,  f e c u n d i t y ,  and e a r l y  l i f e  
h i s t o r y  of anadromous D o l l y  Varden,  SaZveZinus malma (Walbaum), i n  
S o u t h e a s t e r n  Alaska .  A laska  Depar tment  of F i s h  and Game, Resea rch  
Repor t  No. 6 ,  Juneau ,  A laska .  85 pp. 

Bormann, F.  H .  and G .  E .  L i k e n s .  1970.  The n u t r i e n t  c y c l e s  o f  a 
w a t e r s h e d .  S c i e n t i f i c  American 223:92-100. 

B r e t t ,  J .  R .  1964. The r e s p i r a t o r y  me tabo l i sm and swimming pe r fo rmance  
of young sockeye  salmon.  J .  F i s h .  Res. Board .  Can. 21:1183-1226. 

Brown, G .  W .  and J .  T. K r y g i e r .  1971. C l e a r - c u t  l o g g i n g  and sed imen t  
p r o d u c t i o n  i n  t h e  Oregon Coas t  Range. Water  R e s o u r c e s  Res. 7:1189-
1198. 

B r y a n t ,  M. D .  1980. E v o l u t i o n  of l a r g e ,  o r g a n i c  d e b r i s  a f t e r  t i m b e r  
h a r v e s t :  Maybeso Creek  1949-1978. USDA F o r e s t  S e r v i c e  Gen. Tech. 
Rep. PNW-lo., Pac .  NW F o r e s t  and Range Exp. S t a . ,  P o r t l a n d ,  Oregon. 

B r y a n t ,  M .  D.  1983. The r o l e  and management of woody d e b r i s  i n  west 
c o a s t  s a lmon id  n u r s e r y  s t r e a m s .  N .  A m e r .  J .  F i s h .  Man. 3:322-330. 

Buchanan, D .  V . ,  P .  S .  T a t e  and J. R .  Moring.  1976.  Acute  t o x i c i t i e s  
of s p r u c e  and hemlock e x t r a c t s  t o  some e s t u a r i n e  o rgan i sms  i n  
s o u t h e a s t e r n  Alaska .  J .  F i s h .  Res. Board Can. 33:1188-1192. 

Burns ,  J .  W .  1970. Spawning bed  s e d i m e n t a t i o n  s t u d i e s  i n  n o r t h e r n  
C a l i f o r n i a  s t r e a m s .  C a l i f .  F i s h  and Game 56:253-270. 

B u s t a r d ,  D .  R .  and D.  W .  Na rve r .  1975a.  A s p e c t s  of t h e  w i n t e r  eco logy  
of j u v e n i l e  coho salmon (Oncorhynchus kisutch)  and s t e e l h e a d  t r o u t  
(SaZmo g a i r d n e r i ) .  J .  F i s h .  Res. Board Can. 32:667-680. 

B u s t a r d ,  D .  R .  and D .  W .  Na rve r .  1975b.  P r e f e r e n c e s  of j u v e n i l e  coho 
salmon (Oncorhynchus k i su t ch )  and c u t t h r o a t  t r o u t  (Salmo cZark i )  
r e l a t i v e  t o  s i m u l a t e d  a l t e r a t i o n  of  w i n t e r  h a b i t a t .  J .  F i s h .  R e s .  
Board Can. 32:681-687. 

7 8  




C a r d i n a l ,  P .  J.  1980. H a b i t a t  and j u v e n i l e  salmonid p o p u l a t i o n s  i n  
s t r e a m s  i n  logged and unlogged a r e a s  of s o u t h e a s t e r n  Alaska.  M.S. 
t h e s i s ,  Montana S t a t e  U n i v e r s i t y ,  Bozeman. 115 pp. 

Cedarholm, C .  J .  and W.  J .  S c a r l e t t .  1982. Seasona l  immigrat ion of 
j u v e n i l e  salmonids i n t o  f o u r  s m a l l  t r i b u t a r i e s  of t h e  C lea rwa te r  
R i v e r ,  Washington, 1977-1981. Pages 98-110 -i n  E. L. Brannon and 
E. 0. S a l o ,  eds .  P roceed ings  of a symposium; salmon and t r o u t  
m i g r a t o r y  b e h a v i o r .  U n i v e r s i t y  of Washington, S e a t t l e .  

Cedarholm, C .  J . ,  L. M. Re id ,  and E.  0. S a l o .  1981. Cumulative e f f e c t s  
of l o g g i n g  road sediment  on salmonid p o p u l a t i o n s  i n  t h e  C lea rwa te r  
R i v e r ,  J e f f e r s o n  County, Washington. Pages 38-74in Salmon spaw- 
n ing  g r a v e l :  a renewable r e s o u r c e  i n  t h e  P a c i f i c  Northwest? Water 
Research C e n t e r ,  Pullman, Washington, Rep. No. 39. 

Chamberlin,  T .  W.  1982. Timber h a r v e s t .  i n  W .  R .  Meehan, ed .  
I n f l u e n c e  of f o r e s t  and r ange land  management on anadromous f i s h  
h a b i t a t  i n  w e s t e r n  North America. USDA F o r e s t  S e r v i c e  Gen. Tech. 
Rep, PNW-136. Pac. NW For .  Ran. Exp. S t a . ,  P o r t l a n d ,  Oregon. 
30 PP. 

Chapman, D.  W.  1965. Net p r o d u c t i o n  of j u v e n i l e  coho salmon i n  t h r e e  
Oregon s t r e a m s .  T rans .  Amer. F i s h .  SOC. 94:40-52. 

Chapman, D.  W .  1966. Food and space  a s  r e g u l a t o r s  of salmonid 
p o p u l a t i o n s  i n  s t r e a m s .  A m e r .  Nat.  100:345-357. 

Coble,  D .  W .  1961. I n f l u e n c e  of w a t e r  exchange and d i s s o l v e d  oxygen i n  
r e d d s  on s u r v i v a l  of s t e e l h e a d  t r o u t  embryos. T rans .  A m e r .  F i s h .  
SOC. 90~469-474. 

Cooper, A. C .  1965. The e f f e c t s  of t r a n s p o r t e d  s t r e a m  sed imen t s  on t h e  
s u r v i v a l  of sockeye and p i n k  salmon eggs  and a l e v i n s .  I n t e r n a -
t i o n a l  P a c i f i c  Salmon and F i s h  Commission B u l l .  18. 71 p. 

Cordone, A .  J. and D .  W.  K e l l y .  1961. The i n f l u e n c e s  of i n o r g a n i c  
sediment  on t h e  a q u a t i c  l i f e  of s t r e a m s .  C a l i f .  F i s h  and Game 
47 (2) :189-228. 

Crone, R .  A. and C .  E.  Bond. 1976. L i f e  h i s t o r y  of coho salmon, 
Oncorhynchus k i su t ch ,  i n  S a s h i n  Creek,  s o u t h e a s t  Alaska.  F i s h e r y  
B u l l e t i n  74:897-923. 

Crouse,  M. R . ,  C .  A. C a l l a h a n ,  K.  W.  Malueg and S. E .  Dominquez. 1981. 
E f f e c t s  of f i n e  sed imen t s  on growth of j u v e n i l e  coho salmon i n  
l a b o r a t o r y  s t r e a m s ,  T rans .  A m e r .  F i s h .  SOC. 110:281-286. 

7 9  




Culp ,  J .  M .  and R .  W .  Dav ie s .  1983.  An as ses smen t  of t h e  e f f e c t s  of 
s t r eambank  c l e a r - c u t t i n g  on m a c r o i n v e r t e b r a t e  communi t ies  i n  a 
managed w a t e r s h e d .  Can. Tech.  Rep. Aquat .  S c i .  1208.  115 P .  

D i l l ,  L.  PI . ,  R .  C .  Ydenberg and A. H .  G .  F r a s e r .  1981. Food abundance 
and t e r r i t o r y  s i z e  i n  j u v e n i l e  coho salmon (Oncorhynchus kisutch). 
Can. J .  Zool .  59:1801-1809. 

D i n n e f o r d ,  W .  B .  and S .  T .  E l l i o t t .  1975. Ecology of r e a r i n g  f i s h .  
A laska  Depar tment  of  F i s h  and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a -  
t i o n ,  Annual  Repor t  of P r o g r e s s ,  1974-1975, P r o j e c t  F-9-7, 16 
(D-I) :1-46. 

D o l l o f f ,  C.  A. 1983. The r e l a t i o n s h i p  of wood d e b r i s  t o  j u v e n i l e  
s a lmon id  p r o d u c t i o n  and m i c r o h a b i t a t  s e l e c t i o n  i n  s m a l l  s o u t h e a s t  
A laska  s t r e a m s .  Ph.D. d i s s e r t a t i o n .  Montana S t a t e  U n i v e r s i t y  
Bozeman. 

Edger ton  P. J.  and B. R.  McConnel. 1976. D i u r n a l  t e m p e r a t u r e s  of 
logged  and unlogged  mixed c o n i f e r  s t a n d s  on e l k  summer r a n g e .  USDA 
F o r e s t  S e r v i c e  Res. Note  PNW-277. Pac .  NW For .  Ran. Exp. S t a .  
P o r t l a n d ,  Oregon. 6 pp.  

E l l i o t t ,  S.  T .  i n  p r e s s .  Reduc t ion  of a D o l l y  Varden p o p u l a t i o n  and 
macroben thos  a f t e r  removal  of l o g g i n g  d e b r i s .  T r a n s .  A m e r .  F i s h .  
SOC. 

E l l i o t t ,  S .  T .  and R. D .  Reed. 1974. Ecology of r e a r i n g  f i s h .  A laska  
Depar tment  of F i s h  and Game. F e d e r a l  Aid i n  F i s h  R e s t o r a t i o n ,  
Annual  R e p o r t  of  P r o g r e s s ,  1973-1974, P r o j e c t  F-9-6, 15(D-I):9-43. 

F r e d r i k s e n ,  R .  L.  1970. E r o s i o n  and s e d i m e n t a t i o n  f o l l o w i n g  r o a d  
c o n s t r u c t i o n  and t i m b e r  h a r v e s t  on u n s t a b l e  s o i l s  i n  t h r e e  s m a l l  
Oregon w a t e r s h e d s .  USDA F o r e s t  S e r v i c e  Gen. Tech. Rep. PNW-104. 
Pac .  NW For .  Ran. Exp. S t a . ,  P o r t l a n d ,  Oregon. 

F r e d r i k s e n ,  R .  L .  1971. Compara t ive  c h e m i c a l  w a t e r  q u a l i t y  - n a t u r a l  
and d i s t u r b e d  s t r e a m s  f o l l o w i n g  l o g g i n g  and s l a s h  b u r n i n g .  Pages  
125-137 i n  J .  T. K r y g i e r  and J. D .  H a l l ,  e d s .  P r o c e e d i n g s  of a 
Symposium; f o r e s t  l a n d  u s e s  and s t r e a m  env i ronmen t .  Oregon S t a t e  
U n i v e r s i t y ,  C o r v a l l i s .  

Gangmark, H.  A. and R.  D .  Broad.  1956. F u r t h e r  o b s e r v a t i o n s  on s t r e a m  
s u r v i v a l  of k i n g  salmon.  C a l i f .  F i s h  and Game 42:37-49. 

Gangmark, H .  A .  and R .  G .  Bakkala .  1960. A c o m p a r a t i v e  s t u d y  of s t a b l e  
and u n s t a b l e  spawning a r e a s  f o r  i n c u b a t i n g  k i n g  salmon a t  M i l l  
Creek .  C a l i f .  F i s h  and Game 46:151-164. 

Gard ,  R .  1963.  I n s u l a t i o n  of  a s i e r r a  s t r e a m  by snow c o v e r .  Ecology 
44 :194- 197.  

80 




Geiger ,  R .  1965. The c l i m a t e  near  t h e  ground. Harvard U n i v e r s i t y  
P r e s s ,  Cambridge, Mass. Pages 316-321. 

Gibbons, D.  R .  and E .  0. S a l o .  1973. An annota ted  b i b l i o g r a p h y  of t h e  
e f f e c t s  of logging  on f i s h  of t h e  w e s t e r n  United S t a t e s  and Canada. 
USDA F o r e s t  S e r v i c e  Gen. Tech. Rep. PNW-10, Pac.  NW For.  Ran. Exp. 
S t a . ,  P o r t l a n d ,  Oregon. 145 pp. 

G i l l e r a n ,  D.  J .  1968. Rapid c a l i b r a t i o n  of c o a s t a l  s t r e a m s  t o  d e t e c t  
e f f e c t s  of road b u i l d i n g .  M a s t e r ' s  t h e s i s ,  Oregon S t a t e  Univer-
s i t y ,  C o r v a l l i s .  51 pp. 

Hahn, P. J .  K .  1977. E f f e c t s  of f l u c t u a t i n g  and c o n s t a n t  tempera ture  
on behavior  of s t e e l h e a d  t r o u t  (Salmo ga i rdner i ) .  Ph.D. d i s s e r -
t a t i o n ,  U n i v e r s i t y  of Idaho,  Moscow. 

H a l l ,  J .  D.  and C.  0. Baker. 1975. B i o l o g i c a l  impacts  of o r g a n i c  
d e b r i s  i n  P a c i f i c  Northwest s t reams.  -I n  Workshop on logging  d e b r i s  
i n  s t reams.  Oregon S t a t e  U n i v e r s i t y ,  C o r v a l l i s .  13 pp. 

H a l l ,  J.  D .  and R .  L .  Lantz .  1969. E f f e c t s  of logging  on h a b i t a t  of 
coho salmon and c u t t h r o a t  t r o u t  i n  c o a s t a l  s t r e a m s .  Pages 355- 375 
-i n  T .  G .  Nor thcote ,  ed.  Symposium on salmon and t r o u t  i n  s t reams.  
H. R.  MacMillan L e c t u r e s  i n  F i s h e r i e s .  U n i v e r s i t y  of B r i t i s h  
Columbia, Vancouver. 

H a l l ,  J.  E.  and D.  0. McKay. 1983. The e f f e c t s  of s e d i m e n t a t i o n  on 
salmonids and m a c r o i n v e r t e b r a t e s  - a l i t e r a t u r e  review. Alaska 
Department of F i s h  and Game, H a b i t a t  D i v i s i o n ,  Anchorage, Alaska.  

Hansmann, E.  W.  and H.  K .  Phinney. 1973. E f f e c t s  of logging  on 
p e r i p h y t o n  i n  c o a s t a l  s t r e a m s  of Oregon. Ecology 54:194-199. 

Harper ,  W.  C .  1969. Changes i n  s torm hydrographs due t o  c l e a r - c u t  
logging  of c o a s t a l  watersheds .  M a s t e r ' s  t h e s i s ,  Oregon S t a t e  
U n i v e r s i t y ,  C o r v a l l i s ,  Oregon. 116 pp. 

Harr ,  R .  D .  1980. E f f e c t s  of t imber  h a r v e s t  on s t reamflow i n  t h e  
rain-dominated p o r t i o n  of t h e  P a c i f i c  Northwest.  I n  Proceedings ,  
workshop on s c h e d u l i n g  t imber  h a r v e s t  f o r  h y d r o l o g i c  concerns ,  
27-29 November 1979, P o r t l a n d ,  Oregon. 45 pp. 

H a r r ,  R .  D . ,  W.  C. Harper ,  J.  T. Krygier  and F. S. Hsieh.  1975. 
Changes i n  s torm hydrographs a f t e r  road b u i l d i n g  and c l e a r - c u t t i n g  
i n  t h e  Oregon Coast Range. Water Resources  Res. 11:436-444. 

Hartman, G. F. ,  B .  C .  Andersen and J .  C .  S c r i v e n e r .  1982. Seaward 
movement of coho salmon (Oncorhynchus k i su t ch )  f r y  i n  Carna t ion  
Creek, an u n s t a b l e  c o a s t a l  s t ream i n  B r i t i s h  Columbia. Can. J .  
F i s h .  Aquat. S c i .  39:588-597. 

81 



Hartman,  G .  F. and L .  B.  Ho l tby .  1982. An ove rv iew of some b i o p h y s i c a l  
d e t e r m i n a n t s  of f i s h  p r o d u c t i o n  and f i s h  p o p u l a t i o n  r e s p o n s e s  t o  
l o g g i n g  i n  C a r n a t i o n  Creek ,  B r i t i s h  Columbia.  Pages  348-374 i n  G .  
F. Hartman,  G .  F .  e d .  P r o c e e d i n g s  of t h e  C a r n a t i o n  Creek  w o r E h o p ;  
a t e n  y e a r  r ev iew.  Februa ry  24-26, 1982.  Ma lasp ina  C o l l e g e ,  
Nanaimo, B r i t i s h  Columbia. 

Hayes,  F.  R . ,  I .  R .  Wilmot and D .  A. L i v i n g s t o n e .  1951. The oxygen 
consumpt ion  of t h e  salmon egg  i n  r e l a t i o n  t o  deve lopment  and 
a c t i v i t y .  J .  Exp. Zool .  116:337-395. 

H e i f e t z ,  J . ,  M .  L.  Murphy and K V .  Koski .  i n  p r e s s .  E f f e c t s  of l o g g i n g  
on w i n t e r  h a b i t a t  of j u v e n i l e  s a l m o n i d s  i n  Alaskan  s t r e a m s .  N .  
A m e r .  J .  F i s h .  Man. 6 .  

Hermann, R .  B . ,  C .  E .  Warren and P .  Doudorof f .  1962. I n f l u e n c e  of  
oxygen c o n c e n t r a t i o n s  on t h e  growth  of  j u v e n i l e  coho salmon.  
T r a n s .  A m e r .  F i s h .  SOC. 91:153-167. 

H o l t b y ,  L .  B.  and G .  F. Hartman. 1982. The p o p u l a t i o n  dynamics of coho 
salmon (Oncorhynchus k i s u t c h )  i n  a w e s t  c o a s t  r a i n  f o r e s t  s t r e a m  
s u b j e c t e d  t o  l o g g i n g .  Pages  308-348 i n  G .  F. Hartman,  e d .  Pro-
c e e d i n g s  of t h e  C a r n a t i o n  Creek  workshop;  a t e n  y e a r  review. 
F e b r u a r y  24-26, 1982. Malasp ina  C o l l e g e ,  Nanaimo, B r i t i s h  
Columbia. 

H s i e h ,  F. S .  1970. Storm r u n o f f  r e s p o n s e  f rom r o a d  b u i l d i n g  and 
l o g g i n g  on s m a l l  w a t e r s h e d s  i n  t h e  Oregon Coas t  Range. M a s t e r ' s  
t h e s i s ,  Oregon S t a t e  U n i v e r s i t y ,  C o r v a l l i s .  147 pp.  

Hun t ,  R. L .  1969. E f f e c t s  of h a b i t a t  a l t e r a t i o n  on p r o d u c t i o n ,  
s t a n d i n g  c r o p s ,  and y i e l d  of  b rook  t r o u t  i n  Lawrence Creek ,  
Wiscons in .  Pages  281-312 -i n  T. G .  N o r t h c o t e ,  e d .  Symposium on 
salmon and t r o u t  i n  s t r e a m s .  H .  R .  Macmi l lan  L e c t u r e s  i n  
F i s h e r i e s .  U n i v e r s i t y  of B r i t i s h  Columbia,  Vancouver .  

J o n e s ,  D .  R .  1971. The e f f e c t  o f  hypox ia  and anemia on t h e  swimming 
pe r fo rmance  of ra inbow t r o u t  (SaZmo gairdneri). J .  Exp. B i o l .  
55:541-551. 


K i r c h h o f f ,  PI. D .  and J .  W .  Schoen. 1984. S e a s o n a l  d i s t r i b u t i o n  and 
h a b i t a t  u s e  by  S i t k a  b l a c k - t a i l e d  d e e r  i n  s o u t h e a s t  A laska .  A laska  
Depar tment  of F i s h  and Game, F e d e r a l  Aid i n  W i l d l i f e  R e s t o r a t i o n ,  
P r o g r e s s  Repor t  W-22-, Job 2.R, 1983-1984. 20 pp. 

K o s k i ,  K V .  1966. The s u r v i v a l  of coho salmon (Oncorhynchus k i su tch )  
f rom egg d e p o s i t i o n  t o  emergence i n  t h r e e  Oregon c o a s t a l  s t r e a m s .  
M.S. t h e s i s ,  Oregon S t a t e  U n i v e r s i t y ,  C o r v a l l i s .  84 pp. 

82 




Kosk i ,  K V .  and R .  A.  W a l t e r .  1977. F o r e s t  p r a c t i c e s  i n  r e l a t i o n  t o  
management of  A laskan  c o a s t a l  zone  r e s o u r c e s :  a r e v i e w  w i t h  
management and g u i d e l i n e  recommendat ions.  Unpubl i shed  r e p o r t .  
U.S.  Depar tment  of  Commerce, NOAA, N a t i o n a l  Mar ine  F i s h e r i e s  
S e r v i c e ,  Nor thwes t  and Alaska  F i s h e r i e s  C e n t e r  Auke Ray L a b o r a t o r y ,  
Auke Bay, A laska .  189 pp. 

K r a f t ,  M. E .  1968. The e f f e c t s  of c o n t r o l l e d  d e w a t e r i n g  on a t r o u t  
s t r e a m .  M.S. t h e s i s ,  Montana S t a t e  U n i v e r s i t y ,  Bozeman. 31 pp.  

K r a f t ,  M. E .  1972. E f f e c t s  of c o n t r o l l e d  f l o w  r e d u c t i o n  on a t r o u t  
s t r e a m .  J .  F i s h .  R e s .  Board.  Can. 29:1405-1411. 

L i n d r o t h ,  A. 1942. S a u e r s t o f  f v e r b r a u c h  d e r  f i s c h e .  I .  Versch iendene  
en twick lungsund  a l t e r s s t a d i e n  vom l a c h s  und h e c h t .  Z. V e r g l .  
P h y s i o l .  29:583-594. 

Mason, J.  C .  1976. Response of u n d e r l i n g  coho salmon t o  s u p p l e m e n t a l  
f e e d i n g  i n  a n a t u r a l  s t r e a m .  J .  W i l d l .  Man. 40:775-788. 

Mason, J .  C .  and D .  W .  Chapman. 1965. S i g n i f i c a n c e  of e a r l y  emergence ,  
e n v i r o n m e n t a l  r e a r i n g  c a p a c i t y ,  and b e h a v i o r a l  e c o l o g y  of j u v e n i l e  
coho salmon i n  s t r e a m  c h a n n e l s .  J .  F i s h .  Res. Board Can. 
22:173-190. 

McCuddin, M .  E .  1977. S u r v i v a l  of salmon and t r o u t  embryos and f r y  i n  
g r a v e l - s a n d  m i x t u r e s .  M a s t e r ' s  t h e s i s ,  U n i v e r s i t y  of I d a h o ,  
Moscow. 30 pp.  

McFadden, J .  T .  1969. Dynamics and r e g u l a t i o n  of s a lmon id  p o p u l a t i o n s  
i n  s t r e a m s .  Pages  313-329 i n  T. G. N o r t h c o t e ,  e d .  P r o c e e d i n g s  of 
a symposium on salmon and-trout i n  s t r e a m s .  H .  R .  MacMillan 
L e c t u r e s  i n  F i s h e r i e s .  U n i v e r s i t y  of B r i t i s h  Columbia,  Vancouver .  

McNeil, W. J .  1980. V u l n e r a b i l i t y  of  p i n k  salmon p o p u l a t i o n s  i n  
s t r e a m s .  Pages 147-151 i n  W. J. McNeil and D .  C .  Himsworth, e d s .  
Salmon ecosys t ems  of  t h e n o r t h  P a c i f i c .  Oregon S t a t e  U n i v e r s i t y  
P r e s s ,  C o r v a l l i s .  

McNeil, W. J .  and W .  H .  A h n e l l .  1964. S u c c e s s  of p i n k  salmon spawning 
r e l a t i v e  t o  s i z e  of spawning bed m a t e r i a l s .  U.S. F i s h  and W i l d l i f e  
S e r v i c e  Spec.  S c i .  Rep. F i s h .  469. 15 pp.  

Meehan, W.  R .  1970. Some e f f e c t s  of  shade  c o v e r  on s t r e a m  t e m p e r a t u r e s  
i n  s o u t h e a s t  A laska .  USDA F o r e s t  S e r v i c e  Res. Note  PNW-113. Pac .  
NW. For. Ran. Exp. S t a . ,  P o r t l a n d ,  Oregon. 

83 




Meehan, W .  R . ,  F .  J .  Swanson and J .  R .  S e d e l l .  1977. I n f l u e n c e  of 
r i p a r i a n  v e g e t a t i o n  on a q u a t i c  ecosys t ems  w i t h  p a r t i c u l a r  r e f e r e n c e  
t o  sa lmon id  f i s h e s  and t h e i r  food  s u p p l y .  Pages  137-145 -i n  R .  R .  
Johnson ,  t e c h .  coord .  Impor t ance ,  p r e s e r v a t i o n  and management of 
r i p a r i a n  h a b i t a t :  P r o c e e d i n g s  of a symposium, 1977,  Tucson ,  
Ar i zona .  USDA F o r e s t  S e r v i c e ,  Gen. Tech. Rep. RM-43. Rocky 
Mountain F o r e s t  and Range Exp. S t a . ,  F o r t  C o l l i n s ,  Co lo .  

Meehan, W .  R . ,  W .  A. F a r r ,  D .  El.  Bishop and J. H .  P a t r i c .  1969.  Some 
e f f e c t s  of c l e a r - c u t t i n g  on salmon h a b i t a t  of two s o u t h e a s t  A laska  
s t r e a m s .  USDA F o r e s t  S e r v i c e  Res. Pap.  PNW-82. Pac .  NW F o r e s t  and 
Range Exp. S t a . ,  P o r t l a n d ,  Oregon. 45 pp. 

Merre l l ,  T .  R .  1951. S t r eam improvement a s  conduc ted  i n  Oregon on t h e  
C l a t s k a n i e  R i v e r  and t r i b u t a r i e s .  F i s h  Commission of  Oregon Briefs 
3 :4 1-47. 

Mor ing ,  J .  R .  1975a.  The A l s e a  w a t e r s h e d  s t u d y :  e f f e c t s  of l o g g i n g  on 
t h e  a q u a t i c  r e s o u r c e s  of t h r e e  headwa te r  s t r e a m s  of t h e  Al sea  
River ,  Oregon. P a r t  II--Changes i n  e n v i r o n m e n t a l  c o n d i t i o n s .  
Oreg.  Dept .  F i s h  and Wi- ld l . ,  F i s h .  Res. Rep. 9 .  39pp. 

Mor ing ,  J.  R .  1975b. The A l s e a  w a t e r s h e d  s t u d y :  e f f e c t s  of l o g g i n g  on 
t h e  a q u a t i c  r e s o u r c e s  of t h r e e  headwa te r  s t r e a m s  of t h e  A l s e a  
R i v e r ,  Oregon. P a r t  I I I - D i s c u s s i o n  and recommendat ions.  Oregon 
Dept .  F i s h  and W i l d l .  F i s h .  Res. Rep. 9 .  24 pp.  

Murphy, M .  L .  i n  p r e s s .  F i s h  k i l l s  of a d u l t  p i n k  salmon and chum 
salmon i n  S o u t h e a s t  A laska .  N .  A m e r .  J. F i s h .  Man. 

Murphy, M. L. and J. D.  H a l l .  1981. V a r i e d  e f f e c t s  of c l e a r - c u t  
l o g g i n g  on p r e d a t o r s  and t h e i r  h a b i t a t  i n  s m a l l  s t r e a m s  of t h e  
Cascade  Moun ta ins ,  Oregon. Can. J .  F i s h .  Aquat .  S c i .  38:137-145. 

Murphy, M .  L .  and K V .  Koski .  i n  p r e s s .  L i n k s  be tween h a b i t a t ,  
j u v e n i l e  s a l m o n i d s ,  and t h e  e f f e c t s  of l o g g i n g  i n  s o u t h e a s t  A laska .  
Can. J .  F i s h .  Aquat .  S c i .  

Myren, R .  T .  and R .  J .  E l l i s .  i n  p r e s s .  E v a p o t r a n s p i r a t i o n  i n  f o r e s t  
s u c c e s s i o n  and long- te rm e f f e c t s  upon f i s h e r y  r e s o u r c e s :  a con-
s i d e r a t i o n  f o r  management of o u r  o ld-growth  f o r e s t s .  I n  Pro-
c e e d i n g s  of a symposium on o ld-growth  f o r e s t  relationships. A m e r .  
I n s t i t .  F i s h .  Res. B i o l o g i s t s ,  J u n e a u ,  A laska .  

N a r v e r ,  D.  W .  1971.  E f f e c t s  of l o g g i n g  on f i s h  p r o d u c t i o n .  Pages  
100-110 i n  J .  T. K r y g i e r  and J. D. H a l l ,  e d s .  P r o c e e d i n g s  of 
Symposiumon f o r e s t  l a n d  u s e s  and s t r e a m  env i ronmen t .  Oregon S t a t e  
U n i v e r s i t y ,  C o r v a l l i s .  

Neave, F. 1953.  P r i n c i p l e s  a f f e c t i n g  t h e  s i z e  of  p i n k  and chum salmon 
p o p u l a t i o n s  i n  B r i t i s h  Columbia.  J.  F i s h .  Res. Board Can. 9 ( 9 ) : -
450-490. 

84  




Newbold, J .  D . ,  D.  C .  Erman and K .  B.  Roby. 1980. E f f e c t s  of l ogg ing  
on m a c r o i n v e r t e b r a t e s  i n  s t r e a m s  w i t h  and w i t h o u t  b u f f e r  s t r i p s .  
Can. J .  F i s h .  Aquat. S c i .  37:1076-1085. 

N icke l son ,  T. E .  and R .  E .  H a f e l e .  1978. Streamflow requ i r emen t s  of 
salmonids.  Oregon Dept. F i s h  and Wi ld l .  Prog. Rep.  AFS-62. 
P o r t l a n d ,  Oregon. 25 pp. 

N icke l son ,  T.  and R .  R .  R e i s e n b i c h l e r .  1977. Streamflow requ i r emen t s  
of salmonids.  Oreg. Dept.  F i s h  and Wi ld l .  Prog. Rep. AFS-62. 
P o r t l a n d ,  Oregon. 12 pp. 

Noggle, C .  C .  1978. B e h a v i o r a l ,  phys io log ica l . ,  and l e t h a l  e f f e c t s  of 
suspended sediment  on j u v e n i l e  salmonids.  M a s t e r ' s  t h e s i s ,  Univer- 
s i t y  of Washington, S e a t t l e .  

Novak, P .  1975. Study of l and  u s e  - salmon problems and p l a n n i n g  i n  
S o u t h e a s t  Alaska.  Alaska Department of F i s h  and Game T e c h n i c a l  
Repor t ,  J u l y  1 ,  1973 t o  June 30 ,  1974 ( u n p u b l i s h e d ) .  111 pp. 

P a t r i c ,  J .  H. 1967. F r o s t  d e p t h  i n  f o r e s t  s o i l s  n e a r  Juneau,  Alaska.  
USDA F o r e s t  S e r v i c e  Res. Note PNW-60. Pac.  NW For.  Ran. Exp. S t a . ,  
P o r t l a n d ,  Oregon. 7 pp. 

P e l l a ,  J.  J .  and R .  T .  Myren. 1974. Cavea t s  conce rn ing  e v a l u a t i o n  of 
e f f e c t s  of l o g g i n g  on salmon p r o d u c t i o n  i n  s o u t h e a s t e r n  Alaska from 
b i o l o g i c a l  i n f o r m a t i o n .  Northwest Sc ience  48:132-144. 

P e t e r s ,  G.  B . ,  M. J .  Dawson, B. F. H r u t i e r  and R .  R .  Whitney. 1976. 
Aqueous l e a c h a t e  from w e s t e r n  r ed  c e d a r :  e f f e c t s  on some a q u a t i c  
organisms.  J .  F i s h .  Res. Board Can. 33:2703-2709. 

P e t e r s o n ,  N .  P .  1982. Immigrat ion of j u v e n i l e  coho salmon 
(Oncorhynchus k i su t ch )  i n t o  r i v e r i n e  ponds. Can. J .  F i s h .  Aquat. 
S c i .  39:1308-1310. 

P h i l l i p s ,  R .  W .  and J .  H .  Campbell. 1961. The embryonic s u r v i v a l  of 
coho salmon and s t e e l h e a d  t r o u t  as  i n f l u e n c e d  by some env i ronmen ta l  
c o n d i t i o n s  i n  spawning beds.  1 4 t h  Annual Report  of t h e  P a c i f i c  
Marine F i s h e r i e s  Commission, P o r t l a n d ,  Oregon. p .  60-73. 

P h i l l i p s ,  R .  W . ,  R .  L .  L a n t z ,  E. W .  C l a i r e  and J. R .  Moring. 1975.  
Some e f f e c t s  of g r a v e l  m i x t u r e s  on emergence of coho salmon and 
s t e e l h e a d  t r o u t  f r y .  T rans .  A m e r .  F i s h .  SOC. 104(3):461-466. 

Ponce, S .  L. 1974. The b iochemica l  oxygen demand of f i n e l y  d i v i d e d  
l o g g i n g  d e b r i s .  Water Resources  Res. 10:983-988. 

85 




Reed,  R .  D .  and S .  T .  E l l i o t t .  1972. E f f e c t s  of l o g g i n g  on D o l l y  
Varden. A laska  Department  of F i s h  and Game, F e d e r a l  Aid i n  F i s h  
R e s t o r a t i o n ,  Annual Repor t  of P r o g r e s s ,  1971-1972, P r o j e c t  F-9-4, 
13(R-IV-B):1-62. 

Reiser ,  D .  IJ. and T .  C .  B jo rnn .  1979. H a b i t a t  r e q u i r e m e n t s  of 
anadromous s a l m o n i d s .  W .  R .  Meehan, e d .  Tnf luence  of f o r e s t  
and r a n g e l a n d  management on anadromous f i s h  h a b i t a t  i n  w e s t e r n  
Nor th  America.  USDA F o r e s t  S e r v i c e  Gen. Tech .  Rep. PNW-96. Pac .  
NW F o r e s t  and Range Exp. S t a . ,  P o r t l a n d ,  Oregon. 54 pp .  

Re i se r ,  D .  W .  and R .  G .  Whi te .  1983. E f f e c t s  of  comple t e  r e d d  
d e w a t e r i n g  on sa lmon id  egg-ha tch ing  s u c c e s s  and development  of 
j u v e n i l e s .  T r a n s .  A m e r .  F i s h .  SOC. 112:532-540. 

R i e n h a r t ,  K .  G . ,  A. R .  Eschne r  and G .  R .  T r i m b l e .  1963. E f f e c t  on 
s t r e a m f l o w  of f o u r  f o r e s t  p r a c t i c e s  i n  t h e  moun ta ins  of West 
V i r g i n i a .  USDA F o r e s t  S e r v i c e  Res. Pap. N E - 1 .  Upper Darby ,  
P e n n s y l v a n i a .  79 pp .  

R i m e r ,  D .  M.  and U. Paim. 1984. Changes i n  t h e  s e l e c t i o n  of 
m i c r o h a b i t a t  by j u v e n i l e  a t l a n t i c  salmon (Salmo s a l o s )  a t  t h e  
summer- fu l l  t r a n s i t i o n  i n  a s m a l l  r i v e r .  Con. J .  F i s h .  Aquat .  S c i .  
4 1 ~ 4 6 9 - 4 7 5 .  

R o t h a c h e r ,  J .  1965. S t r eamf low f rom s m a l l  w a t e r s h e d s  on t h e  w e s t e r n  
s l o p e  of t h e  Cascade  Range of  Oregon. Water  Resources  Res. 
1 ~ 1 2 5 - 1 3 4 .  

R o t h a c h e r ,  J .  1970. I n c r e a s e s  i n  w a t e r  y i e l d  f o l l o w i n g  c l e a r - c u t  
l o g g i n g  i n  t h e  P a c i f i c  Nor thwes t ,  Water  Resources  Res. 
6 ( 2 )  :653-658. 

R o t h a c h e r ,  J .  1971. Regimes of s t r e a m f l o w  and t h e i r  m o d i f i c a t i o n  by 
l o g g i n g .  Pages  40-54 -i n  J. T.  K r y g i e r  and J .  D.  H a l l ,  e d s .  F o r e s t  
l a n d  u s e s  and s t r e a m  env i ronmen t .  Oregon S t a t e  U n i v e r s i t y ,  
C o r v a l l i s .  

Rowe, P.  B .  1963. S t r eamf low i n c r e a s e s  a f t e r  removing 
w o o d l a n d - r i p a r i a n  v e g e t a t i o n  f rom a s o u t h e r n  C a l i f o r n i a  w a t e r s h e d .  
J .  F o r e s t r y  61(5):365-370.  

Schmidt ,  A. E .  1979. I n v e n t o r y  and c a t a l o g i n g  of  s p o r t  f i s h  w a t e r s  i n  
S o u t h e a s t  A laska .  A laska  Depar tment  of  F i s h  and Game, F e d e r a l  Aid 
i n  F i s h  R e s t o r a t i o n  Annual  Repor t  of Pe r fo rmance ,  1978-1979, 
P r o j e c t  F-9-11, 2 0 ( G - I - R ) .  131 pp. 

S c r i v e n e r ,  J .  C .  and B. C .  Andersen .  1984. Logging  i m p a c t s  and some 
mechanisms t h a t  d e t e r m i n e  t h e  s i z e  of  s p r i n g  and summer p o p u l a t i o n s  
of coho salmon f r y  (Oncorhynchus k i su tch )  i n  C a r n a t i o n  Creek ,  
B r i t i s h  Columbia.  Can. J .  F i s h .  Aquat .  S c i .  41:1097-1105. 

86 




S c r i v e n e r ,  J.  C. and M. J.  Brownlee. 1981. A p r e l i m i n a r y  a n a l y s i s  of 
C a r n a t i o n  Creek g r a v e l  q u a l i t y  d a t a ,  1973-1980. Pages 195-226 i n  
Salmon spawning g r a v e l :  a renewable r e s o u r c e  i n  t h e  P a c i f i c  
Northwest? Water Research C e n t e r ,  Pullman, Washington. Rep. 
No. 39. 

S c r i v e n e r ,  J .  C .  and M. J .  Brownlee. 1981. An a n a l y s i s  of C a r n a t i o n  
Creek g r a v e l - q u a l i t y  d a t a ,  1973-1981. Pages 154-176 i n  G.F. 
Hartman ed.  P roceed ings  of t h e  Carna t ion  Creek w o r k s h o p 7 a  t e n  
y e a r  review.  February 24-26, 1982. Malaspina C o l l e g e ,  Nanaimo, 
B r i t  i s h  Co lumb i a  . 

S e d e l l ,  J .  R .  and F. J .  T r i s k a .  1977. B i o l o g i c a l  consequences of l a r g e  
o r g a n i c  d e b r i s  i n  no r thwes t  s t r e a m s .  I n  Logging d e b r i s  11, Appli-
c a t i o n s  of s t r e a m  c l eanup .  Oregon S t a t e  U n i v e r s i t y ,  C o r n a l l i s .  
10 PP. 

S e e g r i s t ,  D.  W.  and R.  Gard. 1972. E f f e c t s  of f l o o d s  on t r o u t  i n  
Sagehen Creek, C a l i f o r n i a .  T rans .  A m e r .  F i s h .  SOC. 101:478-482. 

S h e r i d a n ,  W .  L .  1962. R e l a t i o n  of s t r e a m  t e m p e r a t u r e s  t o  t iming  of 
p i n k  salmon escapements i n  s o u t h e a s t  Alaska.  Pages 87-102. i n  
Symposium on p i n k  salmon. H.  R .  MacMillan L e c t u r e s  i n  F i s h e r i e s ,  
U n i v e r s i t y  of B r i t i s h  Columbia, Vancouver. 

S h e r i d a n ,  W. L .  1982. Pink salmon escapements i n  some logged and 
unlogged s t r e a m s  i n  S o u t h e a s t  Alaska.  Unpublished manusc r ip t .  
USDA F o r e s t  S e r v i c e .  32 pp. 

She r idan ,  W .  L .  and A. M .  Bloom. 1975. E f f e c t s  of canopy removal on 
t e m p e r a t u r e s  of some s m a l l  s t r e a m s  i n  s o u t h e a s t  Alaska.  USDA 
F o r e s t  S e r v i c e ,  Admin. Rep. Alaska Region, Juneau.  13 pp. 

S h e r i d a n ,  W .  L. and W .  J .  M c N e i l .  1968. Some e f f e c t s  of l ogg ing  on two 
s t r e a m s  i n  Alaska.  J.  For.  66:128-133. 

Shumway, D .  L . ,  C .  E.  Warren and P. Duodoroff.  1964.  I n f l u e n c e  of 
oxygen c o n c e n t r a t i o n  and w a t e r  movement on t h e  growth of s t e e l h e a d  
t r o u t  and coho salmon embryos. T rans .  A m e r .  F i s h .  SOC. 93:-
342-356. 

S i g l e r ,  J.  W . ,  T. C .  Bjornn and F. H .  E v e r e s t .  1984. E f f e c t s  of 
c h r o n i c  t u r b i d i t y  on d e n s i t y  and growth of s t e e l h e a d  t r o u t  and coho 
salmon. Trans.  A m e r .  F i s h .  SOC. 113:142-150. 

S i l v e r ,  S.  T . ,  C .  E.  Warren and P .  Duodoroff.  1963. Disso lved  oxygen 
r equ i r emen t s  of deve lop ing  s t e e l h e a d  t r o u t  and chinook salmon 
embryos a t  d i f f e r e n t  w a t e r  v e l o c i t i e s .  T rans .  A m e r .  F i s h .  SOC. 
92(4):327-343. 


S k e e s i c k ,  D.  G. 1970. The f a l l  immigrat ion of j u v e n i l e  coho salmon 
i n t o  a s m a l l  t r i b u t a r y .  Oregon F i s h  Commission Res. Rep. 2:l-6. 

Smith,  0. R .  1940. P l a c e r  s i l t  and i t s  r e l a t i o n  t o  salmon and t r o u t  on 
t h e  P a c i f i c  c o a s t .  T rans .  Amer. F i s h .  SOC. 69:225-230. 

87 




Smoker, W .  A .  1953. S t r eamf low and s i l v e r  salmon p r o d u c t i o n  i n  w e s t e r n  
Washington.  Wash. Dept .  F i s h .  R e s .  Pop. 1:5-12. 

S t o c k n e r ,  J .  G .  and K.  R .  S h o r t r e e d .  1975. A t t ached  a l g a l  growth  i n  
C a r n a t i o n  Creek:  a c o a s t a l  r a i n  f o r e s t  s t r e a m  on Vancouver I s l a n d ,  
B r i t i s h  Columbia. F i s h .  Mar. S e r v .  Dev. Tech.  Rep. 558 .  64 pp.  

Swanson, F. J . ,  J .  R .  S e d e l l  and G .  W .  Lienkaemper.  1977. S t u d i e s  of 
o r g a n i c  d e b r i s  i n  s e v e r a l  s o u t h e a s t  A laska  s t r e a m s .  USDA F o r e s t  
S e r v i c e ,  F i n a l  R e p o r t ,  Gran t  PNW-48, J u n e a u ,  F i n a l  R e p o r t .  15 pp. 

Swanson, F. J. and G .  W .  Lienkaemper.  1978.  P h y s i c a l  consequences  of 
l a r g e  o r g a n i c  d e b r i s  i n  P a c i f i c  Nor thwes t  s t r e a m s .  USDA F o r e s t  
S e r v i c e  Gen. Tech.  Rep. PNW-69 Pac .  NW F o r e s t  and Range Exp. S t a . ,  
P o r t l a n d ,  Oregon. 12 pp. 

Swanston,  D .  M.  1974. S l o p e  s t a b i l i t y  p rob lems  a s s o c i a t e d  w i t h  t i m b e r  
h a r v e s t i n g  i n  mounta inous  r e g i o n s  of t h e  w e s t e r n  Un i t ed  S t a t e s .  
USDA F o r e s t  S e r v i c e  Gen. Tech.  Rep. PNW-21, Pac .  NW For .  Ran. Exp. 
S t a . ,  P o r t l a n d ,  Oregon. 14 p.  

T a p p e l ,  P. D .  and T .  C .  B jo rnn .  1983. A new method o f  r e l a t i n g  s i z e  of  
spawning g r a v e l  t o  sa lmon id  embryo s u r v i v a l .  N .  A m e r .  J .  F i s h .  
Man. 3:123-135. 

Thompson, K .  1972.  De te rmin ing  s t r e a m  f l o w s  f o r  f i s h  l i f e .  Pages  
31-50 i n  P r o c e e d i n g s ,  I n s t r e a m  f l o w  r e q u i r e m e n t  workshop,  Pac .  
Nor thwes t  River B a s i n  Comm. , Vancouver ,  Washington.  

T s c h a p l i n s k i ,  P. J .  and G .  F. Hartman. 1983. Win te r  d i s t r i b u t i o n  of 
j u v e n i l e  coho salmon (Oncorhynchus kisutch)  b e f o r e  and a f t e r  
l o g g i n g  i n  C a r n a t i o n  Creek ,  B r i t i s h  Columbia,  and some i m p l i c a t i o n s  
f o r  o v e r w i n t e r  s u r v i v a l .  Can. J .  F i s h .  Aquat .  S c i .  40:452-461. 

Vannote ,  R .  Id., G .  W .  M i n s h a l l ,  K .  W .  Cummins, J .  R .  S e d e l l  and C .  E .  
Cushing .  1980. The r i v e r  cont inuum c o n c e p t .  Can. J .  F i s h .  Aquat .  
S c i .  40:452-461. 

Weber, P .  K .  1981. Comparisons of  t h e  lower  t r o p h i c  l eve l s  of s m a l l  
s t r e a m  communi t ies  i n  f o r e s t  and c l e a r - c u t  s i t e s ,  s o u t h e a s t  A laska .  
Ph.D. d i s s e r t a t i o n ,  U n i v e r s i t y  of  Washington ,  S e a t t l e .  228  pp .  

Weshe, T .  A .  1973.  P a r a m e t r i c  d e t e r m i n a t i o n  of  minimum s t r e a m f l o w  f o r  
t r o u t .  Wyoming Water  R e s o u r c e s  Ser .  No. 37.  Water  Resources  
I n s t i t . ,  U n i v e r s i t y  of  Wyoming, Laramie .  102 pp. 

Weshe, T .  A. 1974. R e l a t i o n s h i p  of d i s c h a r g e  r e d u c t i o n s  t o  a v a i l a b l e  
t r o u t  h a b i t a t  f o r  recommending s u i t a b l e  s t r e a m f l o w s .  Wyoming Water  
R e s o u r c e s  S e r .  No. 53 .  Water  Resources  I n s t i t . ,  U n i v e r s i t y  of 
Wyoming, Laramie .  7 1  pp. 

88 




Whitmore, C .  M . ,  C .  E .  Warren and P. Doudoro f f .  1960. Avoidance 
r e a c t i o n s  of s a l m o n i d s  and c e n t r a c h i d  f i s h e s  t o  low oxygen concen t -  
r a t i o n s .  T r a n s .  A m e r .  F i s h .  Snc. 89:17-26. 

W i c k e t t ,  W. P. 1954. The oxygen s u p p l v  t o  salmon e g g s  i n  spawning 
b e d s .  J .  F i s h .  Res. Board Can. 11(6):933-953.  

W i c k e t t ,  W .  P .  1962. Env i ronmen ta l  v a r i a b i l i t y  and  r e p r o d u c t i o n  
p o t e n t i a l s  of p i n k  salmon i n  B r i t i s h  Columbia.  Pages  73-86 i n  
N .  J .  Wil imovsky,  ed .  Symposium on p i n k  salmon.  H .  R .  M a c M i l l z  
L e c t u r e s  i n  F i s h e r i e s .  U n i v e r s i t y  of  B r i t i s h  Columbia,  Vancouver .  

P r e p a r e d  by : Approved by : 

S t e v e n  T .  E l l i o t t  E.  R i c h a r d  Logan, Ph.D., D i r e c t o r  
F i s h e r y  B i o l o g i s t  D i v i s i o n  of S p o r t  F i s h  

L o u i s  S .  B a n d i r o l a ,  Deputy D i r e c t o r  
D i v i s i o n  of S p o r t  F i s h  

8 9  





